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PREFACE
When the first report on the Mineral Industries of Arizona was

published in 1928 as Bulletin 125, it was planned to issue such a report
annually, but the Bureau found itself financially unable to carry
out this idea last year, and it seems probable that a biennial review
of the mineral industries of the State will serve the needs of inquirers
fairly well. It is, therefore. planned to publish in the future such
reports every two years. This second report is not intended to dis-
place Bulletin 125, but, rather, to supplement and bring :UP to date
the information presented in the first report. Persons interested in
Arizona's mineral industries should possess both bulletins.

Mr. Tenney's introduction to the section on copper mining and
the data relating to the number of men employed by the copper com-
panies were prepared prior to the decline in the price of copper, and
it would be necessary to modify these statements considerably to
make them applicable to the present situation. Since the prevailing
curtailment is considered abnormal, it has been thought best not
to attempt to give figures applicable to the industry at the time this
bulletin goes to press. This report. then, covers the condition of the
copper mining industry just prior to the curtailment of operations
mentioned.

The following paragraph is copied from the Preface of the first
report, and is equally applicable to this bulletin:

"While the Bureau may be criticised for not including descrip-
tions of or references to scores of smaller developing properties in
Arizona, it was felt best to include only properties that are productive
or promise to become productive in the not distant future. To have
made the report a complete reference manua1 on mining in Arizona
would have been impossible, as small properties are starting up or
closing down so frequently that descriptions of many of them are
obsolete by the time they are in print. 'The Mines Handbook,'
which is now issued annually. contains many data relative to prac-
tically all the operating mines, and may be consulted in most li-
braries or stock brokers' offices. The report issued annually by the
State Mine Inspector, at Phoenix, contains some information concern-
ing all properties employing six men or more. Furthermore, the
Bureau clips -all references to Arizona mines that appear in news-
papers and periodicals, and is always willing to give inquirers COIl-

cerning mining properties as much information as may be thus
~vailable."

May 25,1930
G. M. BUTLER,

Director.
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THE MINERAL INDUSTRIES OF ARIZONA
By J. B. TENNEY

COPPER MINING

GENERAL INTRODUCTION

Since the publication of the first edition of The Mineral Indus-
tries of Arizona in February, 1928, copper mining has more than
held its own in the State. Not only have the large, established
properties reduced costs, making possible greatly increased reserves,
but numerous smaller mines have entered the field as producers, and
a still greater number of development companies are working to-
wards production. The industry is in as prosperous a condition as
at any time in its history.

BISBEE-DOUGLAS DISTRICT
MINING PROPERTIES

There are five producing mining companies in the district: Phelps
Dodge Corporation, Copper Queen Branch; the Calumet and Ari-
zona Mining Company, Bisbee Mines; the Shattuck-Denn Mining
Corporation; the Wolverine and Arizona Mining Company; and the
Night Hawk Leasing Company. Besides these major companies,
numerous leasing companies and partnerships are producing from the
older parts of the camp, cleaning up ore bodies. There are no de-
velopment companies working in the camp.

MINING METHODS

At the Copper Queen mines, all mining is now done underground.
Steam shoveling in the open pit of Sacramento Hill has been dis-
continued .. The remaining ore in the bottom of the Sacramento Hill
west ore body is being mined by the glory-hole method. It is ex-
tracted through raises from the 500-foot level, hauled to a pocket
at the Sacramento shaft, and hoisted.

The southeast extension ore body and a part of the east ore body
northwest of Sacramento shaft are being mined by a block-caving
method adapted from that used at Morenci, which is described in
detail under that heading. The size of the blocks now used is 100

-9-



10 ARIZONA BUREAU OF MINES

by 125 feet, and from 100 to 250 feet vertically is caved. Boundary
shrinkage stapes are run as at Morenci, and are carried up, leaving
a part of the boundary as pillars to prevent collapse of the block
as a whole. The grizzly level is about 100 feet above the haulage
level, and the drifts are spaced forty feet apart, with grizzlies twen-
ty feet apart. Entrance from the intermediate grizzlies into the
main raises is by timbered slots as at Morenci. The fingers are
driven from stub drifts from each grizzly. The tops of the fingers
on the undercutting level are at twenty-foot centers. The grizzly
spacing is sixteen inches as at Morenci, and the tops of the fingers
are joined by drifts and the pillars shot as at Morenci. The height
of the undercutting level above the grizzly level is eight feet above
the grizzly drift timbers. It is found that about two-thirds of the
block has to be undercut before caving of the ore starts. Blasting
of pillars is done by instantaneous electric detonators. The haulage
level for the glory-hole operation and the east ore body is the 500-
foot level. Six-ton trolley motors are used, which haul fifteen four-
ton cars at a trip to a 1,500-ton pocket at the Sacramento shaft. At
the southeast extension, the 1,000-foot level is the present haulage
level, and storage battery locomotives are employed, which haul
smaller trains of 3Vz-ton cars. The output of Sacramento Hill are
is 2,000 tons from the glory holes, 1,000 tons from the southeast
extension, and 1,500 tons from the east ore body, a total of 4,500
tons a day.

The glory-hole and block-caving methods have been described in
the following article:

Nelson, F. \V. Block Caving and Clory Hole 'Mining Operations at the
Copper Queen, E. & M. J,. October 5, 1929, pp. 538-541.

In the older parts of the mine, the ore is mined by overhand
square-setting and fill, underhand square-setting and fill, and top
slicing.

At the Calumet and Arizona mines, the greater bulk of the are
is mined by inclined cut and fill methods. A modified shrinkage
method is also used, leaving narrow pillars between stapes. The
sections mined are outlined with rows of lead sets. On completion
of the section, the stope is filled with waste. The pillars are later
mined by the Mitchell slice method. Some square-setting is done
in small are bodies, and the Mitchell slice method is employed in
ground too heavy to stand open stope method".
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At the Denn Mine of the Shattuck-Denn Mining Corporation, the
ore is being mined by overhead square-setting followed closely by fill.

At the Wolverine and Arizona, averhand square-setting and fill
mining is employed.

At the Night Hawk Leasing Company, the cut and fill method
is used.

CONCENTRATOR

The flow sheet of the copper concentrator of the Copper Queen Mine
has not been changed since the publication of Bulletin No. 125. The
concentrator is described in the following article:

Tully, Charles W., Copper Queen Conccntratingi Operations, E. & M. J.,
October 12, 1929, pp. 583-585.

LEACHING

With the discont.inuaneo of steam shovel mmmg by the Copper
Queen Company, no new supplies of leaching ore are being added
to the leaching dumps. Operations will continue for several years,
cleaning up accumulated supplies, and several dumps of lean ma-
terial are being successfully subjected to leaching, which has added
to the supplies of available material.

REDUCTION WORKS

At the Copper Queen Reduction Works, the old sampling plant
and bedding system have been replaced. Coarse are is dumped into
one of two hoppers of 100-tons capacity each. From the hoppers
the ore passes to a 42-ineh picking belt where wood is removed,
and, at the discharge end, a magnetic pulley removes tramp iron.
The ore is discharged onto a six by twelve-foot revolving grizzly
having 2V2-inch openings, the oversize going to a. 24 by 72-inch
jaw crusher. The grizzly undersize and crusher product are con-
veyed to a set of 54 by 24-inch rolls running at sixty. r. p. m.,
set to yield a 114- inch product. The are is then conveyed to It

second set of 54 by 24-inch rolls running at 120 r. p. m., set to
yield a %-inch product. A sample is cut from this V:.:-inch product
by means of a chain and bucket sampler. The ore is then conveyed
to the screen plant bins of 200-tons capacity. From these bins the
ore passes over four vibrating screens with ;;Is-inch openings, the
oversize going to a set of 54 by 24- inch rolls set to 14- inch and run
at 120 r. p. m. in closed circuit with the vibrating screens. Screen
undersize is conveyed to the bedding plant. Concentrates arc un-
loaded by a one-yard, electrically operated pull-shovel, mounted
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above the concentrate car track, into a hopper, and transferred from
this hopper by a rotating disc feeder onto the ore-laden belt from
the screen plant. The are and concentrates then pass to a revolving
finger mixer, and the mixed product is conveyed to the Stall Storage
System. There are five stalls, each stall having a capacity of 11,500
tons. The are is spread evenly in each by means of a traveling trip-
per running the length of the stall. The ore is reclaimed by a scrap-
ing mechanism against the face of the pile, two horizontal scraper
conveyors which drag the are mixture into a trench at the center
of the stall, and a heavy chain bucket elevator which digs the are
from the trench and discharges it into a belt conveyor mounted on
trucks. This conveyor is attached to and moves with the reclaiming
machine, and a tripper mounted on the conveyor remains in a fixed
location and discharges the ore mixture onto the belt conveyors
leading to the roaster bins. The description of the new crushing
plant and bedding system was furnished to the Arizona Bureau by
the Phelps Dodge Corporation, Copper Queen Branch management.

A further change at the Copper Queen Reduction Works is in the
Casting Plant. To facilitate operations at the new Nichols Refinery
at EI Paso, all copper is now cast as anodes. The new anode plant
is almost an exact duplicate of that at the Morenci smelter, de-
scribed in detail under that heading.

At the Calumet and Arizona smelter, the old casting equipment
has been rebuilt for anode casting. The new equipment consists of
two thirteen by twenty-foot tilting, reducing and oxidizing furnaces,
each with a capacity of 125 tons of blister copper. These furnaces
are supplied with one heavy duty, double electric motor-driven
casting wheel provided with 22 moulds each of which makes a 700-
pound anode. The plant is provided with spray and bosh water cooling
apparatus, electric and pneumatic cranes, electric anode handling
trucks, nnd other auxiliary apparatus. The capacity of the plant
is 250 ton" of anodes daily.

L\HOR

P. D. Corp., C. Q. Branch:
Men

Mine Department 1,100
Mechanical Department 400
Lessees 300
Labor Department 5
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Concentrator 115
Leaching and Precipitation 50
Reduction Works ,..... 950
Accounting Department 23
Supply Department 21

2,964

O. & A. Mining Co., Bisbee Mines:
Mines 1,117
Lessees 4
Smelter '. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 541 1,662
Sattuck-Denn Mining Corp. 327
.Wolverine and Arizona Mining Co. 29
Night Hawk Leasing Co. 51

Total 5,033

POWER PLANTS

A new steam power plant that uses high pressure steam is under
construction by the Calumet and Arizona Mining Company at the
Junction shaft to replace the old steam plant. The new plant will
consist of two 725-h. p. Walsch-Weedner boilers tested to 450 pounds
pressure; one Westinghouse turbo-generator of 3,750 kv.-a.; three
Sullivan twin angle compound compressors 26 by 14 by 16 inches, 4,398
cubic foot displacement at sea level, run by 700-h. p., 2,300-volt;
three-phase, sixty-cycle Westinghouse motors. A new stack 150 feet
high, nine feet in diameter, and an Elliot surface condenser of 5,350
sq. ft. are accessory equipment.

At the Copper Queen concentrator, a. new Diesel engine of' 2,250
h. p. is being added, together with 2,000 kv.-a. generators.

1929 PRODUCTION

Property

2,754,083* 188,217,171

Tons of ore Lbs. of copper

P. D. Corp., C. Q. Branch
Direct shipping ore (including lessees)
Concentrating ore

C. & A. Mining Co., Bisbee Mines
(including lessees)

Shattuck-Denn Mining Corp.
Wolverine and Arizona Mining Co.
Night Hawk Leasing Co.

-Including C. Q. cement copper from leaching operations.
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PERSONNEL OF OPERATING COMPANIES

PHELPS DODGE CORPORATION

General Manager .
Purchasing Agent .
Consulting Mining Engineer ..
Consulting Mech. Engineer .
Chief Engineer .
Auditor .

P. G. Beckett Douglas
J. L. Hastings Douglas
Gerald Sherman Douglas
C. Legrand Douglas
H. H. Pratt Douglas
Geo. R. Drysdale Douglas

Copper Queen Branch

Manager .
Assistant Manager .

il1ine Department
Mine Superintendent .
Assist. Mine Superintcndent .
Chief Engineer .
Chief Geologist .

Mechanical Department
Master Mechanic .
Assist. Master Mechanic .
Chief Electrician .

Concentrator Department
Superintendent .

Leaching and Precipitation
Leaching Engineer .

Clerical Department
Chief Clerk .
Manager Supply Dept. . .

Labor Department
Manager .

Reduction Plant
Smelter Superintendent
Assist. Superintendent .
Ore Buyer .
Head of Investigation Dept ..

J. P. Hodgson Bisbee
Wm. Saben Bisbee

F. H. Hayes Bisbee
G. B. Lyman Bisbee
G. C. Pidgeon Bisbee
Carl Trischka Bisbee

A. C. Riefsnider Bisbee
R. J . .Jones Bisbee
A. J. Zeller Bisbee

Ernest Wittenau .' Bisbee

C. H. Compton Bisbee

L. T. Buell Bisbee
F. S. Davenport Bisbee

H. C. Henrie Bisbee

J. O. Ambler Douglas
Curtis Pigott ' Douglas
H. J. Bishop Douglas
J. M. Samuel Douglas
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CALUMET .-\ND ARIZONA MINING COMPANY

General Manager .
Assistant Manager .
Mine Superintendent .
Chief Engineer .
Chief Master Mechanic .
Purchasing Agent .
Chief Clerk .
Smelter Superintendent .
Superintendent Acid Works .
Metallurgist .

Bisbee Mines

H. A. Clark Warren
E. E. Whiteley Warren
D. M. Rait Warren
H. M. Lavender Warren
E. F. Irving Warren
Geo. Jay Warren
Arthur Engelder Warren
George Dawe Douglas
E. M. Jacks Douglas
Carl Cole Douglas

SHATTUCK-DENN MINING CORPORATION

General Superintendent .
Chief Clerk .
Chief Engineer .
Master Mechanic .

J. G. Flynn Bisbee
R. H. Cochran, Jr Bisbee
J. A. Wilcox Bisbee
Bruce Fisher Bisbee

WOLVERINE AND ARIZONA MINING COMPANY

Mine Superintendent J. E. McKenna Bisbee

Mine Superintendent
NIGHT HAWK LEASING COMPANY

J. E. McKenna , Bisbee

JEROME DISTRICT

MINING PROPERTIES

There are three producing mining companies in the district: The
United Verde Copper Company, the United Verde Extension Mining
Company, and the Verde Central Mines, Incorporated.

MINING METHODS

At the United Verde Copper Company, the ore bodies are found
in a large pyritic pipe replacing pre-Cambrian schist, near a pre-
Cambrian diorite intrusion. The stopes in the oxidized and enriched
portion of the pipe, extending from the surface to the 500-foot level,
have been on fire for many years and mining in this part of the ore
zone was much retarded on this account. To win this ore to the
best advantage, it is now being mined in an open pit by steam shovel.
To reach the ore, it was necessary to strip about 6,000,000 tons of
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waste material, mostly from the steep hillside, to allow for safe
slopes. The pit is to be extended down to the 700-foot level. Forty
percent of the ore mined is taken out of the pit, and sixty percent
underground. The main working opening into the pit is at the 160-
foot level. Thirty-foot benches are maintained. The operation .is
unique in many ways. Much of the ground is hot, and presents
serious blasting difficulties. Ground is broken by churn drill holes
and block holes drilled with hammer drills. The churn drill holes
are chambered and, when the temperature registers over 120 degrees
F., they are first cooled by pouring sand into the holes. In some
cases where unusual heat is encountered (up to 780 degrees F.), they
are blasted by the use of asbestos-lined torpedoes fired electrically
as soon as possible after loading. For more moderate temperatures,
the charge is wrapped in heavy cardboard. The pit is quite dusty
and gassy, and operators are equipped with respirators and rubber-
mounted goggles.

The ore in the pit is discharged into staggered raises driven from
the 1,000-foot, or Hopewell Tunnel, level, the main outlet for all
the ore mined.

The are is loaded by four electric shovels with 1% cubic-yard dip-
pers into Moreland four-wheel-drive six-wheel trucks. In wet weather,
these trucks are replaced by Linn caterpillar tractor trucks. Electrically
driven Armstrong churn drills are used for bench holes and hand-held
"plugger" drills for block holing. Some are is loaded by a P & H
crane mounted on a five-ton truck provided with a clamshell bucket.
A little are is also mined by the glory-hole method. No tracks are
laid in the pit. These operations are described in detail in the fol-
lowing article:

Young, George J., Motor-truck transportation proved mobile and
efficient at open-pit mine in Arizona. E. & M. J., Sept. 28, 1929
pp. 498-502.

The principal underground method used is horizontal cut-and-fill.
The are is handled in the stapes largely by scrapers and shaking
trays. Incline cut-and-fill stoping is also employed and some square-
setting and "inclined" square-setting in heavy ground.· Pillars are
mined by top slicing. These methods are described briefly in the
following article:

Robie, E. R., Innovations at the United Verde Mine: E. & M. J., April
14, 1928, pp. 611-612.

In the United Verde Extension Mine, the main ore body consists
of a compact, enriched, massive sulphide body. The ground is
heavy and fire risks are great. Overhead square-setting, using ten
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by ten-inch timbers, and sections two to three sets wide, is employed,
closely followed by fill. Underhand square-setting in narrow sec-
tions is used under the broken capping. In the upper levels, from
which a large part of the ore is being mined, the small oxide ore
bodies are mined by overhead square-setting and fill methods. To
mine pillars left in the main ore body, the Mitchell Slice method
is used in panels eleven feet long and three sets wide followed closely
by fill. The ore in the pillars is much checked and requires little
blasting. Hauling is done by Mancha-type storage battery locomo-
tives. The methods have been described in the following article:

Hondrurn, Olaf, Stoping practice at the United Verde Extension Mine.
Mining Congress Journal, June 1928, p. 385.

In the Verde Central Mine, the ore occurs as steeply inclined
lenses replacing schist. The ore bodies vary in width from ten to
forty feet. The ore is mined by the shrinkage method. The sill
floor is timbered and lagged over. The drifts are run in the ore
and double pony sets at regular intervals are employed with offset
sets also timbered to serve as bulldozing sets for large boulders.
Crib raises are carried up through the broken ore as the stope pro-
gresses. The mine is served by a 1,950-foot, vertical, three-compart-
ment shaft with levels from the 120 to the 1,900-foot level having
intervals varying from 100 to 200 feet. Hoisting is done in twelve
cubic foot cars on two-deck cages run in counterbalance.

CONCENTRATORS

United Verde Concentrator=- This concentrator remains virtually
unchanged, and was fully described in the first edition of The Min-
eral Industries of Arizona.

Verde Central Concentrator- This concentrator was erected to
treat the primary pyritic sulphide are of the Verde Central Mine.
The rated capacity is 300 tons a day.

The run of mine ore is dumped on a grizzly with twelve-inch
spacing. The undersize falls on a picking belt where boulders of
waste, tramp iron, and wood are removed. It is then conveyed to
a small bin. The ore is drawn from this bin into cars and hauled
by a gasoline motor a distance of about 1,000 feet to the head of.
the concentrator and dumped into a 300-ton wooden bin. It is drawn
from this bin and fed into a 12 by 24-inch Blake crusher reducing
to three inches. It is then reduced to lh inch by a No.3 Symons
Cone crusher, and the crushed ore is conveyed to a Hum-mer screen
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with l,i-inch openings, run in closed circuit with a pair of 54 by
24~inch rolls. Screen undersize is elevated to a circular wooden bin
of 200 tons capacity.

Fine crushing and preliminary flotation are done in two units. Fine
grinding in each unit is done in an 8-foot by 36-inch Hardinge mill
run in closed circuit with a 6 by 26-foot duplex Dorr classifier. The
overflow, consisting of forty percent through 200 mesh material,
passes to two McIntosh fifteen-foot flotation cells, placed in series,
making a final tailing and a rougher concentrate.

The rougher concentrate from both sections of the concentrator
is combined and passes to a single fifteen-foot McIntosh cell making
a finished concentrate and a middling product. The middling is el-
evated back to the head of the primary cells.

The final concentrate g?es to a 24 by 9-foot Dorr thickener, and
the spigot product from the thickener passes to an American Filter
that contains five six-foot leaves. The filter cake is conveyed to a
bin from which it is drawn into trucks and hauled to the railroad at
Jerome for shipment to the United Verde Extension smelter at
Clemenceau.

The tailing passes to a 33 by 9-foot Dorr thickener, the clear
water overflow being pumped back to the mill supply tank. The
thickened tailing then flows down a two-mile launder and cascades
through two special flotation boxes. Concentrate is gathered from
these boxes intermittently.

The concentrator uses about 100 gallons per minute of new water
pumped from the mine.

Reagents used are:

1.8 lbs. of lime per ton of ore, added dry to the ball mill feed.

0.3 lbs. pine oil per ton of. ore, added at the head of the primary
flotation cells.

0.7 lbs. of ethyl xanthate per ton of ore, added with pine oil
at the head of the primary flotation cells.

Mill extraction is about 93 percent. The ratio of concentration is
about nine to one. Power consumption is twenty k. w. h. per ton.
Head varies from 2.5 to three percent copper. Concentrate rum
about 22 percent copper. Almost complete elimination of pyrite in
the ore is effected.
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Steel consumption is very high as the ore is composed of pyrite
and chalcopyrite imbedded in tough j aspery quartz.

•

POWER PLANTS

Power for the United Verde Copper Company and for the United
Verde Extension Mining Company is generated at the smelters by
waste heat from the reverberatories. Some power is also bought
from the Arizona Power Company.

The Verde Central Mines, Incorporated, purchases power at 20,000
volts from the Arizona Power Company and transforms it to 2,200
volts for use in hoisting and air compression. It is further trans-
formed to 450 volts for use in the concentrator. The hoist is run
by a 2,200-volt d. c. motor. A motor generator :fly wheel set is installed
to convert from a. c. to d. c. The concentrator is equipped with in-
dividual motors which are belt connected to each machine.

LABOR

United Verde Copper Co.-Steam shovel pit .. 185
Mine 1200
Smelter and concentrator 610
Surface 200 2,195

United Verde Extension Mining Co.-Mine ., 575
Smelter 335 910

Verde Central Mines, Inc.-Mine 100
Concentrator 31
Mechanics, office, etc. . . . . . . . .. 54 185

Total 3,290

1929 PRODUCTION

United Verde Copper Co. Tons Pounds copper

United Verde Ext. Min. Co. 2,252,307 206,558,330

Verde Central Mines, Inc.
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PERSONNEL OF OPERATING COMPANIES

UNITED VERDE COPPER CoMPANY

General Officials:
President Robert E. Talley Jerome

, General Manager W. V. DeCamp Jerome
Chief Clerk R. K. Duffey Clarkdale
Purchasing Agent Dave Hopkins Clarkdale
Chief Surgeon A: C. Carlson Jerome
General Storekeeper D. L. Bouse Jerome

Mine Department:
Mine Superintendent....... T. W. Quayle , Jerome
Asst. Mine Supt. and Chief

Engineer C. E. Mills Jerome
Chief Mechanical Engineer.. H. V. Kruse Jerome
Chief Geologist............ M. G. Hansen Jerome
Field Geologist P. C. Benedict Jerome
Planning Engineer , J. F. Cowley Jerome
Master Mechanic W. H, Riddle Jerome
Chief Electrician E. W. Fredell Jerome
Chief Bonus Engineer...... W. P. Goss Jerome
Storekeeper. .. .. J. S. Pratt Jerome
Chief Chemist............. P. T. Allsman Jerome
Safety & Ventilation Engineer O. A. Glaeser Jerome
Employment Agent........ C. L. Gwyn Jerome

Shovel Department:
Shovel Supt. J. C. Perkins Jerome
Shovel Foreman J. R. Allen Jerome

Smelter Department:
General Supt. Thos. Taylor Clarkdale
Smelter Supt. C. R. Kuzell Clarkdale
Asst. Smelter Supt. F. H. Parsons Clarkdale
Chief Engineer J. E. Lanning Clarkdale
Chief Electrician A. N. Greenwood Clarkdale
Master Mechanic Geo. Mieyr Clarkdale
Concentrator Supt. L. M. Barker .. '.' Clarkdale
Supt. Crushing Plant. .. P. C. Keefe Clarkdale
Chief Bonus Engineer. F. H. Jones " .Clarkdale
Research Engineer " O. C. Ralston Clarkdale

•
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Chief Chemist A. L. Reese Clarkdale
Safety Engineer and Em-

ployment Agent. .. .. .. J. C. Harding Clarkdale

UNITED VERDE EXTENSION MINING COMPANY

General Officers:
General Manager .
Assistant Manager .
Cons. Mech. Engineer .
Purchasing Agent .
Safety Engineer .

Mine Department:
Mine Supt .
Asst. Supt. . ~ .
Chief Engineer .
Chief Clerk .
Employment Agent .
Master Mechanic .

Smelter Department:
Superintendent .
Timekeeper .
Master Mechanic .
Chief Electrician .
Chief Chemist .

Geo. Kingdon Jerome
Geo. W. Prince Clemenceau
Geo. W. Douglas Clemenceau
S. E. Smith Jerome
Roy Marks Jerome

R. L. D'Arcy Jerome
R. D. Leisk Jerome
Olaf Hondrum Jerome
S. E. Smith Jerome
C." J. Beale Jerome
W. E. Kehoe Jerome

J. C. Salisbury Clemenceau
Geo. Stotts Clemenceau
John Langdon Clemence au
C. W. Heatherly Clemenceau
F. W. Sanders Clemenceau

VERDE CENTRAL MINES, INC.

Manager .
Supply Man .
Clerk .
Master Mechanic .
Asst. Master Mechanic .
Mine Foreman .
Engineer .
Mill Foreman .

Robt. H. Dickson Jerome
C. D.Hoatson Jerome
R. J. Huddleston Jerome
E. J. Farley Jerome
Wm. Small Jerome
Bert Crandall Jerome
Leon W. Dupuy Jerome
Earl Smith Jerome

GLOBE-MIAMI DISTRICT

MINING PROPERTIES

There are five properties producing in the district: The Old Do-
minion' Company, the Arizona Oommercial Mining Company, the
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Inspiration Consolidated Copper Company, the Miami Copper Com-
pany, the Carlota Copper Company, and the Van Dyke Copper
Company. One company, the Pinto Valley Company, is developing.

MINING METHODS

In the Old Dominion Mine, most of the production is now from
stopes using the timbered slide caving method, adapted from that
developed at Morenci. Blocks varying in thickness froni fifty to
100 feet are taken. The method is especially adaptable to the Old
Dominion due to the fact that the hanging wall of the vein is min-
eralized to such an extent that a large over-draw is practicable, thus
insuring almost complete extraction of ore between walls and a large
additional tonnage of lean ore which, with more expensive mining
methods could not be taken at a profit. The vein varies in dip from
fifty to seventy degrees and in thickness from six feet to thirty feet,
and more. The ore occurs as disseminated pyrite, chalcopyrite, and
bornite in well fractured quartzite and limestone. The hanging
wall is altered diabase containing considerable disseminated sulphides.
The ore occurs as bodies in the vein with lean horses between. The
details of the mining method have to be worked out for each individ-
ual ore body. In general, blocks 100 feet on the strike of the vein
and fifty feet high are taken. In one large ore body, occurring as
a replacement of quartzite and diabase outside of the vein walls,
blocks 100 feet square and 100 feet high are· being successfully
caved. For the ore bodies within the vein walls, the usual proce-
dure is to drive a timbered motor drift on the foot wall with a
small pony timbered drift above. If the ore body is 100 feet high,
it is mined in two lifts. Raises are driven at intervals of forty feet
to the level above, and at a height of fifty feet they are connected
by a small timbered foot wall pony drift. Timbered slides are run
off from this drift on an inclination of 35 degrees, to the hanging
wall. The richest ore usually occurs next to the footwall. A
shrinkage stope is then run up along the footwall to insure clean
extraction of the rich ore. After· this stope is completed, inclined
raw raises are run at an inclination of about 35 degrees from the
timbered slides, at intervals of ten feet, intersecting those driven
from the adjacent slide. A cut is then taken above the slides and
the pillars between the raw draw raises shot out. Shooting of
pillars progresses from the footwall towards the hanging wall. When
caving starts, the ore is drawn from the timbered slides at each
finger raise opening. The backs of the slides are lagged with four
by six-inch timbers spaced four inches apart. Any large boulders
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settling on the timbers can be readily drilled and shot to prevent
the accumulation of weight on the slides. Entrance from the inter-
mediate slides into the main raises is effected by timbered slots
below the pony ~rift. After the expectancy of high grade ore is
reached, the ore continues to be drawn until the values will no
longer pay for the expense of drawing. N one of the preparatory
work expense is charged against overdraw ore. For eight months
in 1928 a comparison of performance of the caving as against more
expensive methods was as follows:

Timber
bd. ft.

per ton
Tons per Powder,
man shift cents per foot

4.7

7

Square set . 14.0 8

Top r lice . 12.0 10.9

Caving . 2.6 19.8 4

The method has been described in the following article:

Shoemaker, A. H., The application of caving methods to small ore
bodies at the Old Dominion Mines, Min. Congr. jour., December, 1928.

In the Live Oak division of the Inspiration Consolidated Copper
Company, the following modification of the branch raise caving
system is now being used: The arrangement of haulage drifts, in-
clined main branch raises and grizzly level is the same as for the
older parts of the mine. Above the grizzly level, the method is rad-
ically changed. Due to the heaviness and moistness of the Live Oak
ore, difficulty was experienced with the chutes in the old finger
raises, and maintenance costs were high due to pressure on the
grizzly level. In the new method, the finger raises start off from the
sides of the grizzly levels, following Morenci practice, one on each
side of the grizzly, spaced sixteen feet apart, above the main raises
and branches. These finger raises are carried up fifteen feet ver-
tically to the bottom of the ore and are then run at an inclination
of 45 degrees in a vertical plane parallel to the grizzly level, in
both directions. These inclines from each raise intersect those driven
from the next nearest finger, the result being an "undercut level".
formed of these inclines, leaving a pillar fourteen feet wide above
each grizzly level. This pillar is drilled with stoper machines with
fanned holes, and shot previous to starting caving. The block to
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be caved is outlined by slice drifts spaced thirty to forty feet apart
vertically. The method has been described in the following articles:

Young, George J., New undercut caving method reduces maintenance
expense at Inspiration. E. & M. J., vol. 128, No . .12, pp. 474-475.
Sept. 21,1929.

Stoddard, Alfred C, Mining practice and methods at Inspiration
Consolidated Copper Company, Inspiration, Arizona. U. S. De-
partment of Commerce, Bureau of Mines, Circular 6169. '

DEVELOPMENT WORK

The Carlota Copper Company operated during the year and ship-
ped a small tonnage of ore, mined by square-set method. The ore
occurs as a vein in granite. The mine is located southwest of Globe.

The Van Dyke Copper Company is developing their holdings in
Miami from the Rice shaft, sunk to a depth of 1,700 feet. Lateral
work on the 1,200 and 1,300-foot levels is being driven in an oxide
ore body in schist. About 3,000 tons of ore was shipped from this
work in 1929. The shaft is now being equipped with a skip looking
towards a higher rate of production in the future.

The Pinto Valley Company to the west of Miami did some de-
velopment work by diamond and churn drilling during the year, in-
creasing reserves of low grade disseminated ore. No production
was made.

CONCENTRATORS

There are three companies operating concentrators in the district:
The Miami Copper Company, the Inspiration Consolidated Copper
Company, and the Old Dominion Company. The Inspiration and
Old Dominion plants have not been materially changed since the
publication of the first edition of the Mineral Industries of Arizona.
The Miami Copper Company concentrator has been remodeled.

Miami Copper Company Concentrator.-Coarse crushing is done in
three units. In Unit 1, the run of mine ore passes over a one-inch
grizzly, and the oversize is conveyed to a seven-foot Symons Cone
Crusher set to %-inch product. The crushed ore and grizzly fines
are conveyed and fed to six Mitchell Vibrating Screens with l,4-inch
openings run in closed circuit with 80 by 24-inch Traylor Rolls set
to %-inch product. Screen undersize together with that from Unit
2 is conveyed by a long 36-inch belt conveyor to the Mill Bins. The
'capacity of this unit is approximately 250 tons per hour. In Unit
2, the grizzly interval is 1% inches. Grizzly oversize is reduced to
%-inch in a seven-foot Symons Cone Crusher, joins the grizzly under-
size and is conveyed and fed onto four Mitchell and one Traylor
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Vibrating Screens with l,4-inch openings. These screens are run in
closed circuit with 77 by 24-inch Allis Chalmers Rolls set to % inch
followed by a set of 80 by 24-inch Traylor Rolls set to 114 inch.
Screen undersize joins the final product from Unit 1 and is convey-
ed to the Mill Bins. The capacity of Unit 2 is approximately 450
tons an hour. Unit 3 is the same as Unit 2 except that a Newhouse
crusher is used instead of a Symons Cone. The capacity of this
unit is 450 tons an hour. This unit is maintained as a spare.

Mill Bins consist of six 1,100-ton and five 900~ton bins with a
combined capacity of approximately 11,100 tons.

Primary grinding is done in six identical units, each with a capacity
of 3,000 tons a day. In each unit, crushed ore is fed from the mill
bins into an eight by fourteen-foot short rake high speed Dorr
classifier where about fifteen percent of the feed is removed in the
overflow. The sands pass to two Hardinge mills eight feet long by
36-inch diameter, where they are given a primary grinding. From
the Hardinges the ground ore goes to two, 6 by 19-foot Dorr class-
ifiers. Sands then pass to two secondary 8-foot by 36-inch Hardinge
mills run in closed circuit with two, 6 by 19-foot Don classifiers.

The overflow from all classifiers is combined and passes to a Dorr
bowl classifier with bowl diameter of 28 feet, run in closed circuit
with an Allis Chalmers regrinding mill ten foot-six inch diameter,
eight feet long with Williamson ends. Final overflow varies from
five to eight percent plus 48 mesh.

The primary flotation is done in two banks of Hunt-Dunn flota-
tion machines each 100 feet long. The overflow from the Dorr bowl
classifiers goes to the head of each machine, six in all. Each ma-
chine is divided into three compartments, making a concentrate,
middling, and final tailing product. The middling is pumped back
to the head of the machine. The concentrate from the first com-
partment is further treated in a fifteen-foot cleaner cell, making a
final concentrate, the middling being re-treated.

The final concentrate from the six sections is then combined and
passes to the concentrate re-treatment plant. The concentrate is
first subjected to a preliminary classification in a six by twenty-foot
duplex Dorr classifier. The overflow is thickened in two, 10 by
40-foot thickeners and the overflow is pumped back to join the
sands from the classifier. Lime emulsion is then added before
grinding in two, 6 by 12-foot Allis Chalmers ball mills run in
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closed circuit with one 15 by 6-foot by 23-foot 4-inch .Dorr bowl
classifier. The overflow passes to one 7 by 40-foot Miami flotation
machine making a final concentrate and a middling. The middling
is pumped to two, 7 by 40-foot Miami flotation machines, the con-
centrate from which is pumped back to the head of the re-treatment
plant. The middling is treated in two 14-cell Mineral Separation
machines, the rougher concentrate from which is pumped back to
the head of the first flotation machine, and the tailing returned to
the head of one primary mill flotation machine. The fineness of
the final concentrate is approximately ten percent on 200 mesh.

Tailing from the primary flotation machines flows to a 325-foot
diameter Dorr traction thickener, and the thickened pulp is pumped
and siphoned a distance of about three miles to the tailing
disposal pond.

The following amounts of reagents are used:
Lime Ilh pounds per ton of are added to the feed water,

lh pound per ton added in the re-treatment plant
Xanthate 0.16 pound per ton of ore added in the first cell
Pine oil 0.13 pound per ton of ore added in the first cell
Iron consumption is about as follows:

Ball consumption 2 pounds per ton of ore
Liner consumption .21 pounds per ton of ore.

Mill performance is about as follows:
Head 0.83 percent total copper

0.66 percent sulphide copper
. 0.17 percent oxide copper

Tailing 0.24 percent total copper
0.10 percent sulphide copper
0.14 percent oxide copper

Final concentrate 33.33 percent total copper
Recovery 71.69 percent based on assays
Ratio of concentrate 56.1 to 1
Water consumption per ton of are new water 161 gallons

Reclaimed water 309 gallons

Total. .470 gallons

LEACHING

The following changes are being introduced at the Inspiration
Consolidated leaching plant. After the plant had been in opera-:
tion a year it was found that the extraction on certain ores carry-



MINERAL INDUSTRIES OF ARIZONA 27

ing a large amount of primary fines was poor due to imperfect per-
colation. Further experimental work showed that by taking the
undersize from the *-inch screens in the crushing plant, and re-
moving the minus 200-mesh material by classifiers, the extraction
on the remaining coarser material {was materially increased. It
was then decided to store these fines from the total feed and install
a separate slime treating plant. About 600 tons of fines is to be
treated out of the total of 9,000 tons of ore a day.

The fines from the Hum-mer screens, carry approximately 25 per-
cent minus 200 mesh. This material passes to a Dorr bowl class-
ifier. The sand product joins the coarse ore to the leaching tanks.
The overflow, containing material of 90 percent minus 200 mesh is
first piped to the concentrator, and the sulphides removed by flota-
tion, one section of the concentrator being used for this purpose.
The flotation tailing is thickened in a Dorr thickener, and the
thickened pulp containing 33 1-3 to 40 percent solids is stored in
three tanks. From these storage tanks the pulp passes through
launders to three agitators, placed in series, where acid is added.
The pulp is then washed in a series of four Dorr thickening tanks
with barren solution from the iron launders flowing counter current
to the pulp. The overflow from the first tank is pumped to the
iron launders where the copper is precipitated and sent to the smelter
as cement copper. The thickened pulp from the last Dorr tank
passes to the concentrator tailing pile.

With the slime treatment plant installed, the total extraction is
expected to be improved eight to ten percent. The results in 1927
were 82.20 percent total copper extraction. In 1928, 80.37 percent
total copper extraction was obtained. The results in the experi-
mental work from January to June, 1929, showed from 89.40 per-
cent to 91.1.4 percent total copper extraction.

POWER PLANTS

Miami Copper Company Power Plant.- The low pressure steam
plant has been replaced by a plant using 425 pounds pressure. The
boilers consist of four Heine Stirling type boilers each equipped
with five Peabody mechanical burners, induced and forced draft,
C. E. air pre-heaters and Elesco superheaters. Electric power is
generated in one Westinghouse Turbo generator set producing 15,625
kv.-a. at 6,600 volts, 2.5 cycles.
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Inspiration Consolidated Copper Company Power Plant.-During the
year 1929 this plant was enlarged by the addition of a 1,218-h. p.
Stirling boiler, Wheeler duplex-draft cooling tower, and an 8 by 180-
foot steel stack. The total capacity of the plant is now 13,918 h. p.
The plant uses 214 pounds steam pressure. A large proportion
of the power generated is sold to the Salt River Valley Water Users As-
sociation and to the Phoenix Street Railway Company.

LABOR

Old Dominion Company:
Mine Department ' .
Mill and Power House .
Shops .o ••• ' • .o .•• .o • .o.o ••••••••••• .o

Miscellaneous .o.o •• .o • .o.o.o.o.o •••••• .o' • .o ••• .o.o.o • .o

Arizona Commercial Mining Company:
Underground .o.o.o •• .o.o • .o ••••.••• .o •• .o • .o.o ••••• .o • .o.o

Surface .o.o .o, ••••••••• .o ••.•••••.••.•••.••••.••.•.•.•••.•

Inspiration Consolidated Copper' Company:
Mining Department 1,290
Leaching Mill and Miscell. 954

Miami Copper Company:
Mines Department

Surface : .
Underground .

Concentrator .
Power Plant .
Salaries~ .
Miscellaneous .

Van Dyke Copper Company .
Pinto Valley Company .
International Smelting Company .

Total .

Number of Men

758
67
60
62

947

68
32

100

2,244

57
682
209
34

115
412

1,500
30
20

250

5.091
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1929 PRODUCTION

Tons
415,891

62,085

Lbs. copper
18,943,441
3,800,456

Old Dominion Company .
Arizona Commercial Mining Company ..
Inspiration Consolidated Copper Co. '"

Sulphide Ore .
Leaching Ore .

2,560,147
3,213,711

Miami Copper Company .
Van Dyke Copper Company .

5,017,983
3,000

107,307,067
58,841,159

320,000

Total 11,272,817 189,212,123

PERSONNEL OF OPERATING COMPANIES

OLD DOMINION COMPANY

General Manager .
Consulting Engineer .
Consulting Geologist .
Gen. Purchasing Agent .
Safety Engineer .
Chief Clerk .
Employment Agent .
Chief Electrician .
Mine Superintendent .
General Mine Foreman .
Chief Engineer .
Chief Geologist .
Mine Master Mechanic .
Chief Chemist .
Mill Superintendent .
Mill Metallurgist .
Shop Foreman .

1. H. Barkdoll Globe
Gerald Sherman Douglas
Guy M. Bjorge .San Francisco, Cal.
J. L. Hastings Douglas
A. Tallon Globe
G. R. Legters Globe
W. G. Brown Globe
M. F. Murphy Globe
Harry Leidich Globe
R. W. Mayne Globe
H. S. Duncan Globe
A. H. Shoemaker Globe
Joe Crothers Globe
O. J. Tuschka Globe
D. L. Forrester Globe
Chas. Mendelsohn Globe
F. R. Kennedy Globe

ARIZONA COMMERCIAL MINING COMPANY

Superintendent .. , .
Chief Clerk : .. "
Master Mechanic .

H. C. Plummer Globe
Guy A. Liggon Globe
Wm. Langdon Globe

INSPIRATION CONSOLIDATED COPPER COMPANY"

General Manager .
General Superintendent .

T. H. O'Brien Inspiration
F. A. Wardlaw, Jr Inspiration
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Asst. Gen. Superintendent '" ..
Consulting Metallurgist .
-Mechanical Engineer .
Asst. Purchasing Agent .
Auditor .
Employment Agent .
Master Mechanic .
Chief Electrician .

Mine Department
Superintendent .
Asst. Superintendent .
Chief Engineer .

Mill Department
Superintendent .
General Foreman .

Leaching Department
Asst. Superintendent .... : ...

Power Plant
Chief Engineer .

Railroad Department
Superintendent .

H. W. Aldrich Inspiration
G. D. Van Arsdale Los Angeles
Geo. H. Booth Inspiration
H. H. Hoyt Inspiration
W. J. Eustace Inspiration
H. W. Montague Inspiration
F. C. Howe Inspiration
A. N. Voss Inspiration

Felix McDonald Inspiration
J os. L. Johnson Inspiration
A. C. Stoddard Inspiration

G. H. Ruggles Inspiration
S. E. McNeil Inspiration

W. G. Scott Inspiration

W. T. W. Plaisted .... Inspiration

MIAMI COPPER CO:\IPANY

C. L. Woodcock Inspiration

General Manager .
Asst. Manager .
Chief Clerk .
Purchasing Agent .
Mechanical Supt. . .
Chief Electrician .
Chief Chemist .
Employment Agent .

Mine Department
Asst. Superintendent .
Chief Engineer .

Mill Department
Superintendent .
General Foreman .

Power Plant
Chief Engineer .

F. \Y. Maclennan Miami
J. H. Hensley, Jr Miami
W. F. Williams Miami
F. L. Bishop Miami
Harry Bible Miami
J. J. Luchessa Miami
T. Nelson Miami
A. J. Davey Miami

R. \Y. Hughes Miami
E. V. Graybeal Miami

H. D. Hunt Miami
.Toesph Smith Miami

E. B. Lane Miami
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INTERNATIONAL SMELTING COMPANY

General Manager .
Asst. Purchasing Agent .
Superintendent .
Metallurgist .
Chief Clerk .
Employment Agent .
Master Mechanic .
Chief Electrician .
Chief Chemist .

T. H. O'Brien .......• Inspiration
H. H. Hoyt Inspiration
P. D. Honeyman Inspriation
B. H. McLeod Inspiration
H. Allen Miami
H. H. Montague .. , Inspiration
P. A. Faust Miami
R. A. Hawkins Inspiration
F. G. Hawley Inspiration

V AN DYKE COPPER COMPANY

Manager .
Mine Foreman .

L. D. Van Dyke " Miami
Jack 'Hill Miami

PINTO VALLEY COMPANY

Manager.................... T. R. Drummond Globe
General Superintendent F. W. Libbey Globe

Manager
CARLOTA COPPER COMPANY

Geo. B. Church Globe

RAY-HAYDEN -CHRISTMAS DISTRICT

LOCATION AND GENERAL GEOLOGY

This district, including the Christmas area, is situated in the
central part of the State, to the north of the Gila River, III the
Dripping Spring Mountains. The Ray district proper is in the
valley of Mineral Creek, a tributary of the Gila River. The district
is served by the Arizona Eastern Branch of the Southern Pacific
Railroad running from Phoenix to Christmas. The principal settle-
ments are Ray, Hayden, Winkelman, and Christmas. Ray is con-
nected to Hayden by a twenty-mile branch railroad, owned by the
Nevada Consolidated Copper Company.

The part of the Dripping Spring Mountains included in the dis-
trict is made up of a much faulted complex of pre-Cambrian schist,
overlain by Paleozoic sediments, the base of which is composed of
shales and quartzites, and the top member of massive limestones.
Intruding the crystalline and sedimentary rocks are large sills, dikes,
and stocks of diabase, and acid igneous rocks. The ore bodies are
of two types: Disseminated enriched copper sulphides in schist and
granite and replacement deposits in Paleozoic limestones closely as-
sociated with the acid igneous intrusives.
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MINING PROPERTIES

There are two active copper producing mines in the district: The
Ray Mine operated by the Nevada Consolidated Copper Company,
and the Christmas Mine operated by the Christmas Copper Com-
pany. The ores are smelted at the Hayden works of the American
Smelting and Refining Company.

MINING METHODS

At the Ray Mine of the Nevada Consolidated Copper Company
there are now in use four modifications of the block caving method:
(1) The hand-tramming method, (2) the motor method, (3) the
modified motor method, and (4) the sublevel system. These four
methods vary in the preparatory work only. Undercutting and sub-
sequent caving are similar for all of them.

The methods used are those found best adapted to the ground
met with at Ray. The ore in caving breaks in large slabs and rec-
tangular blocks, and is hard as compared with most other dissem-
inated bodies in the State. This has necessitated more extensive under-
cutting than in the softer more fractured ore bodies met elsewhere.

The hand-tramming method is used where the ore body to be
mined is too small to warrant the extension and development of the
motor drifts. It is usually employed on the edges of the ore body,
and where the thickness is less than fifty feet. This is the only
method retaining all the features of the original method. Shrinkage
stopes are driven off small timbered drifts spaced at 25-foot inter-
vals. These stapes are carried up to the capping or to the caved
level above, and the pillars undercut by blasting between the
shrinks. After the are body is thus broken and undermined, draw-
ing is commenced, and the are hand-trammed to the nearest
haulage chute.

In the regular motor method, used for lifts of less than 100 feet, a
fringe motor drift is run along the side of the ore body and from
it laterals are run at forty-foot centers. These drifts are timbered
with twelve by twelve-inch timbers, and the ore body divided into
panels four laterals or 160 feet wide and 100 feet long. Above the
large motor size lateral drifts pony sets are put in over each set.
Side and end shrinks, locally called cut-off stopes, are then started
and carried up to the capping or the caved level above. After these
are completed, shrinkage stopes are started at 25-foot intervals.
This is done by driving raises on each side of the pony sets in a
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plane at right angles to the drifts, and at 45-degree slopes, leaving
a cone of unbroken ground between drifts. The ground between
the raises is then broken and shrinkage stapes are carried up six-
teen feet above the tops of the cones, or forty feet above the track
level. The backs are then flared, drilled, and blasted. These stapes
are carried not less than ten feet wide. Forty-five-degree raises are then
carried up in the pillars and pillar shrinkage stapes five feet wide
are carried up five or ten feet above the cone or twenty feet above
the tops of the pony sets. They are blasted at the top to break
into the shrinkage stapes. The panel is then ready to draw. The
method is not used for high lifts, as repairs in the drifts are ex-
cessive, and rapid drawing of the are is essential.

In the modified motor method, used for heights just exceeding
100 feet, the same spacing is maintained for the drift laterals. Pony
sets are installed over each set, but chutes are placed at fifteen-foot
intervals and staggered. The chute interval for each side of the
drift is thus thirty feet. Draw sets are then put in above and to
one side of the pony set, the ends of which are supported on string-
ers resting on the tops of the pony set dividers. These draw sets
are thus one set to one side of the drift laterals. Raises are then
driven from these draw sets seven feet high, and off their tops 45-
degree cone raises are driven as for the regular motor system, and
shrinkage stapes four feet wide are carried up to the tops of the
cones. These stapes are then widened to six feet and carried up
25 feet higher, and are flared, drilled, and blasted. End and side
shrinkage stapes are run the full height of the are before the
transverse shrinks are started. After the shrinkage stapes are com-
pleted, pillar stapes five feet wide are carried up in the same man-
ner, but carried up only one round above the cones. The stope is
then ready for drawing. The length of the panels is usually 130 feet
and the width four laterals or 160 feet.

The sublevel system is a modification of the method used at
Morenci. Motor drift laterals are spaced at fifty-foot intervals, and
a panel 200 feet wide is carried. Pony sets are put in above each
fourth and fifth sets, and chutes installed on each side in each fifth
set. Inclined raises in a plane at right angles to the laterals are
then carried up as at Morenci a distance of forty feet, the tops of
which are 25 feet apart. These raises are driven so that the tops
in alternate rows are staggered to give better spacing. Sub-level
laterals are then driven at right angles to the haulage laterals, con-
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necting the tops of the raises, and grizzly sets installed at each raise
with grizzly spacing of thirteen inches. Raises, cone raises off them,
and shrinkage stopes are then carried up to the capping or to the next
level, on the sides and ends of the block, usually carried up in two
lifts, the upper lift from an intermediate level. Shrinkage stopes
and pillar stopes are then taken up as in the modified motor system,
except that the Morenci system of raises from the sides of the sub-
level drifts are used instead of chutes from each grizzly set. The
stope is then drawn as in the other methods. With this method,
practically no weight is felt in either haulage or sublevel drifts, and
considerable timber salvage is possible. The method is used for
lifts of over 150 feet and up to 300 feet. It is now the prevailing
one used.

Of the total mine production of 3,243,159 tons in 1928, 5.76 per-
cent came from preparatory excavation, 3.70 percent from "hand-
tramming" stopes, 11.97 percent from "regular motor" stopes, 9.0 per-
cent from "modified motor" stopes, and 69.48 percent from "sub-
level" stopes.

The following table gives the mine performance during the years
1927 and 1928:
-

Year Tons Tons per man p
-_._--- p

mined Stoping ! Mine payroll' Overall

I

p

1927 2,551,913 101.60 I 10.66 9.39 0

1928 3,243,159 115.61
I

12.13 10.83

I
0

i

oundds I Board feetower .
er ton tImber per ton

I.2523 1.79

.3193 1.88

A detailed description of the mmmg methods at the Ray Mine
is found in the following publication:

Thomas, Robert \V., Mining practice at Ray Mines, Nevada Consolidated
Copper Company, Ray, Arizona, U. S. Dept. of Commerce, Bureau of Mines
Information Circular No. 6167, Scpt., 1929.

At the Christmas Mine, the ore occurs as replacements in Carbon-
iferous limestone near the contact of a large quartz' diorite intrusion.
The intrusive mass is eliptical in horizontal cross section with di-
mensions of about 2,000 feet north to south by 5,000 feet east to
west surrounded on all sides by limestone. ' A fault of large throw
striking northwest and with the down throw to the northeast cuts
through the western end of the quartz diorite and surrounding lime-
stones. The developed ore lies to the southwest of this fault. The
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dip of the limestones is easterly at an angle of about fifteen degrees.
Intercalated with the purer breds of limestone are less pure shaly
beds. The ore occurs as replacements of the purer limestone beds,
leaving the shale beds unreplaced. The limestone close to the in-
trusion is strongly replaced with magnetite and garnet. Farther
away the beds are sericitized and mineralized with chalcopyrite,
bornite, and pyrite occurring both as disseminated grains and as
bedding seams. Some garnet also occurs but there is little quartz.
Farther away the limestone becomes marmorized and only occasion-
al veinlets of sulphides are encountered. The ore beds as worked
vary from six feet up to twenty feet in thickness, and extend several
hundred feet away from the quartz diorite contact. The ore beds
are separated from each other by shale beds varying from a few
inches up to over two feet in thickness. The mine has been developed
by tunnels and shafts. As now worked there is one 800-foot shaft,
the Number 3 shaft connected with two main tunnel levels at the
300 and 400-foot levels, and with one deeper working level at 500 feet.

The prevailing mining method is a room and pillar method, with
vertical ore passes (spaced about 125 feet apart,) connecting the
working levels with the ore beds. The size of stopes and pillars
varies with the hardness of the ground. Wheelbarrows and scrapers
are used to transport the ore to the ore chutes.

In one stope where three ore beds are separated by thin sBale
partings, shrinkage stoping is being tried, but for the most part
the barren shale partings are too thick.

A prospect shaft is being sunk to the east of the fault to prospect
the. diorite contact, and to serve as a permanent working shaft.

The average grade mined is about two percent copper. In the ore
closer to the surface there is some oxidation. The chief oxidized
copper minerals are the carbonates, malachite and azurite.

ORE AND MATERIAL TRANSPORTATION

At the Ray Mine, the ore is hauled in lO3-cubic-foot close-body
type cars holding an average of 4.6 tons, in trains of 20 to 25 cars,
by eight-ton Porter compressed air locomotives. The length of the
haul to the tipple averages 3,000 feet. Cars are dumped three at a
time by electrically driven tipples, operated by one man per shift.
The time for dumping a train of twenty cars is about. ten minutes
Hoisting is done in 10%-ton skips run in counterbalance and the
ore dumped into lOO-ton steel bins situated over the coarse crushing.
plant. Two concreted vertical ore hoisting shafts are maintained,
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with the bulk of the ore hoisted at the No.2 shaft. Timber and
supplies enter through concreted inclined shafts near the ore hoisting
shafts. Men enter through a central man-shaft, concreted and sup-
plied with a large Otis elevator.

At the Christmas Mine the mill ore is transferred by raises to
chutes on the 4oo-foot level. This level is connected to the surface
by a tunnel. Ore is hauled 1,7()()feet from the portal of the tunnel
in trains of ten, 40-cubic-foot cars by Atlas storage battery loco-
motives, to the bin at the head of the coarse crushing plant. Direct
smelting ore, chiefly from the 500-foot level is hoisted at the Number
3 shaft and is transferred to buckets on the aerial rope tramway.
The tramway is about one mile long from the head of the shaft to
loading bins at the railroad. Supplies enter the mine at the 4()()-
foot tunnel. Men enter through the 300 and 4oo-foot tunnels.

CONCENTRATORS

NEVADA CONSOLIDATED CONCENTRATOR

The Nevada Consolidated concentrator, situated at Hayden, twen-
ty miles southeast of the mines at Ray, has undergone considerable
remodeling since the publication of the first edition of Mineral In-
dustries of Arizona in 1928.

The run of mine ore is crushed to one-inch ring at the coarse
crushing plant at Ray and the crushed are loaded into railroad cars
and hauled to Hayden where it is dumped into eight circular bins
holding 3,200 tons each, at the head of the concentrator.

The concentrator is divided into eight sections for intermediate
and fine grinding followed by two flotation sections. Each of the
eight sections has a capacity of 1,500 tons which can be stepped up
to 2,000 tons by slight sacrifice of fineness of grinding. One of these
sections is run as a test section, with a rod mill replacing rolls.

Seven of the sections arc identical. In each one of these, the are
is fed by apron feeders and conveyed from the bottom of the bin
into two sets of 42 by Ifi-inch Garfield rolls run at 125 revolutions
per minute, in closed circuit with a three by four-foot Chino type
impact screen of seven-mesh openings. Roll crushing is done wet,
a ton of water being added per ton of are. Milk of lime is added
at the head of the rolls at the rate of two pounds of 90-percent
burnt lime per ton of are. The ground product is about one per-
cent plus ten mesh and 43 percent minus 2()()mesh. Circulation of
screen oversize is by bucket elevator.
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Fine grinding in each section is done by two seven by ten-foot
cylindrical ball mills loaded with sixteen tons of two-inch cast steel
balls, and lined with scrap rails from the railroad. Impact screen
undersize is fed into an 8 by 28-foot bowl Dorr classifier, with
minus 100-mesh overflow. Sand product from this classifier passes
to the ball mills which are run in closed circuit with 8 by 28-foot
duplex Dorr classifiers run at a speed of seventeen to eighteen strokes
per minute. The combined overflow from the bowl and drag class-
ifiers, which averages ten percent on 100 mesh and 32 percent solids,
passes to the flotation department.

The classifier overflow from four sections of the mill is combined,
thus dividing the mill at this point into two sections. The flow for
each section passes into a 26-inch pipe line for conveyance to the
two independent flotation sections each divided into four units. The
pulp flows from the 26-inch pipe into a distributing tank where
it is divided into four parts. Each fourth on leaving the distributor
is automatically sampled and passes to a sump from where it is
pumped to the head of two mat-type flotation rougher cells
each 15 feet long by 30 inches wide by 24 inches deep at the shallow end
with 26 square feet of blanket area. The concentrate from these
goes by gravity to a single cleaner cell of the same dimensions, and
a final concentrate is produced. The tailing from the primary rougher
cells is piped to the head of six secondary rougher cells in series, of the
same dimensions, with 78 square feet of blanket area. A waste tailing
is made. The concentrate from the secondary roughers together with
the cleaner cell tailing product joins the original flotation feed and
is pumped to the head of the primary rougher cell. Air is furnished
at 4% pounds pressure by Root blowers, of which there are six
I,OOO-cubic-foot and one 3,000-cubic-foot size available.

Raconite, a mixture of seventy percent sodium butyl xanthate and
thirty percent thio-carbonate, manufactured at the plant as an aque-
ous solution of 1V2 pounds to the gallon of water, is further diluted
with thirty parts of water, and is piped to the classifiers in the fine
grinding department. Seventy-five percent is added to the bowl
overflow and 25 percent to the circulating classifier overflow. The
amounts of reagents added are about as follows:

. 52.00 pounds per ton at the rolls
LIme . . . . . . . . . . . . . . . . .. lO.677 pounds per ton at the ball mills
Oil 0.147 pounds per ton
Raconite 0.076 pounds per ton
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For the year .1928 the mill performance 'was as follows:
Total are treated 3,234,600 tons
Average ore treated a day. . . . . . . . 8,838 tons
Concentrate produced............. 173,833 tons
Average concentrate a day . . . . . . 480 tons
Recovery sulphide copper. . . . . . . . . . 93.23 percent

Oxide copper................... 38.23 percent
Total copper................... 87.06 percent

Ratio of concentration............ 18.61
New water consumption per ton of are 3.03 tons or 695 gallons
Ball consumption................. 0.99 pounds
Liner consumption................ 0.07 pounds

Head averages about 1.25 percent copper
Concentrate averages about 19.9 percent copper
Tailing averages about 0.16 percent copper.
Power consumption* is about 11.05 kw.-h. per ton
All equipment is driven by independent motors
Operating cost for 1928 was about forty cents per ton
Tons of ore per man shift including power plant was 28.22

The entire flotation plant concentrate is laundered to a sump and
pumped by a six-inch Wilfley pump to an eight-foot cone tank.
The discharge goes to concrete settling bins. The overflow from
oath the cone tank and the settling bins goes to a bucket elevator
discharging to a launder leading into a forty-foot Dorr tank, the
overflow from which goes to a 75-foot Dorr tank. The clear water over-
flow from the 75-foot tank is pumped back to the mill circuit and
the underflow is circulated. The underflow from the forty-
foot tank is elevated to the filter plant consisting of three twelve by
twelve-foot Oliver and one fourteen by fourteen-foot Portland filters,
of which only one is used at a time. The filter cake is dropped directly
into concentrate cars for shipment to the smelter. The concentrate
in the concrete settling bins drains through a burlap covered three
by three-foot cone set in the center of the bottom, and is loaded by a
four-ton Morgan crane into railroad cars for shipment. The water
from the 75-foot Dorr tank constitutes the only water reclaimed.

The tailing is laundered to the 1,000-acre disposal area in the Gila
Valley. Dikes built of soil gravel and tailing are raised by excavator
and tractor-drawn scraper. No water is reclaimed other than that
returned to the wells through the gravel.

*Not including coarse crushing at mine.
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The concentrator has been described in great detail in the following
publication:

Garms, W. I., Concentrator methods and costs at the Hayden Plant of
the Nevada Consolidated Copper Company. Information Circular No.
6241, U. S. 'Department of Commerce, Bureau of Mines, 1930.

CHRISTMAS COPPER COMPANY CONCENTRATOR

This concentrator was completed during the year 1929 to treat
400 tons of ore a day. The ore consists of chalcopyrite, pyrite, and
considerable oxidized copper in a gangue of garnet, sericite, magnetite,
and quartz. The mill is doing outstanding work in oxide copper
recovery.

The run of mine ore is hauled to a 400-ton bin at the head of the
coarse crushing plant and is fed into a Number 6 Telsmith crusher
and reduced to four-inch ring. Crushed ore is elevated by belt con-
veyor to a Cottrell screen with 3,4-inch openings. Screen oversize is
further reduced to o/s to 3,4-inch size in a Number 4 Symons cone
crusher. Screen undersize and crushed ore are elevated by belt con-
veyor to the crushed ore bin of 525-ton capacity, a circular steel bin.
From this bin the ore is belt fed and split into two sections and 1112
pounds per ton of dry calcined lime added. Each split is conveyed
to a six-foot Dorr duplex classifier run in closed circuit with a five
by ten-foot Cole-Bergman ball mill. Classifier overflow is six percent
on 65 mesh. Sodium sulphide is added to the classifier sands at the
rate of from 0.2 up to 0.75 pounds per ton depending on the amount
of acid soluble copper present in the head. From 0.15 to 0.2 pounds
of aerofloat per ton of ore is added to the classifier overflow. The
classifier overflow from both machines is combined and laundered to
a conditioner tank where 0.17 pounds per ton of xanthate is added
and the pulp agitated. From the conditioner the pulp passes to the
head of a twenty-foot rougher flotation machine of the Southwestern
type. The discharge from this rougher passes to a second rougher of
the same size and type which makes a tailing product and a rougher
concentrate. Pine oil at the rate of 0.10 pounds per ton is added at the
second rougher, and .08 pound of xanthate is added to the first rougher
discharge. Concentrate from both roughers is pumped to a twelve-
foot Southwestern-type cleaner cell making a finished concentrate
and a middling product. The middling from this machine is laundered
to an eight-foot Southwestern-type scavenger cell, making a finished
concentrate. The discharge is re-treated.

The concentrate is piped through a four-inch pipe line about one
mile to the filter plant at the railroad. A small booster pump is in-
stalled hut seldom has to be used. The drop is about 500 feet. At the
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filter plant the concentrate is first thickened in a Dorr tank and the
spigot product filtered through an eight-foot Oliver filter. Tailing is
laundered to the tailing dam in the creek below the mill. No water
is reclaimed. Water for milling is obtained partly from the mine
and partly from a well at the river.

The mill performance is about as follows:
Sulphide copper recovery, 95 to 96 percent
Oxide copper recovery, 60 to 70 percent
Total recovery, about 90 percent
Ball consumption is two pounds per ton
Water consumption is -about 1,100 gallons per ton
Power consumption is fifteen kw.-h. per ton
Total mill cost is about 80 units per ton
Ratio of concentration is 17.5 to 1
Head averages two percent copper of which from 0.1 to 0.8 percent

is oxide copper, with an average of 0.3 percent
All equipment is run by independent motor drive.
Reagents used:

Lime 1.5 pounds per ton
Sodium sulphide 0.2 to 0.75 pounds per ton
Aerofloat 0.15 to 0.2 pounds per ton
Xanthate 0.25 pounds per ton
Pine oil 0.10 pounds per ton

POWER PLANTS

The power plant of the Nevada Consolidated Copper Company
has not been changed materially since the publication of the first
edition of the Mineral Industries of Arizona.

Power for the Christmas Mine and concentrator is generated at the
head of the railroad and electric current transmitted a distance of
about a mile to the mine and mill. A 1,350-h. p. Diesel engine direct
connected with a generator is installed making electricity at 2,300
volts. This is stepped down at the mine to 440 volts.

WATER SUPPLY

Water for camp use at Christmas is obtained from a spring on the
500-foot level. For the concentrator, a well, 600 feet deep, near the
river furnishes part of the water, the remainder being furnished from
de-watering operations at the Number 3 shaft.
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The water supply for the Nevada Consolidated mines and town-.
site at Ray is obtained from wells in Mineral Creek above the mine.
The concentrator supply is obtained from wells in the Gila River
Valley.

AMERICAN SMELTING AND REFENING COMPANY
HAYDEN SMELTER

No changes have been introduced in this smelter since the publica-
tion of the first edition of the Mineral Industries of Arizona.

LABOR

Nevada Consolidated Copper Co.
Men

Ray Mines : 1,248
Hayden Concentrator 382

1,630
Christmas Copper Co.

Mines , 224
Mechanical '. . . . . . . 16
General ;urface 43
Concentrator ' ,................. 27
General office , . . . . . . . . . . . . . . . . . . . . . 7
Engineering department 5

322
American Smelting and Refining Co.,

Hayden Smelter :...................................... 250
Total : 2,202

1929 PRODUCTION

Total , .

Pounds
Tons copper
3,609,100 67,187,942

51,056
4,901,913

78,048

3,738,204 72,089,855

Nevada Cons. Copper Co ,.
Christmas Copper Co.

Smelting ore "
Milling ore .
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PERSONNEL OF OPERATING COMPANIES

General Officers
General Manager .

NEVADA CONSOLIDATED COPPER COMPANY
RAY MINES

Manager .
Consulting Geologist .

Cons. Mech. Engineer .

Gen. Purch. Agent .

Asst. Purch. Agent .
Safety Engineer .
Cashier .
Accountant .
Electrical Engineer .
Chief Draftsman .

Mining Department
Mine Superintendent .
Chief Engineer .
Asst. Chief Engineer .
Geologist .
Chemist. " , " .
Chief Clerk .
Master Mechanic .
Chief Electrician .
Employment Agent .

Milling Department
Gen. Mill Superintendent .
Asst. Mill Supt. . .
Metallurgical Engr .
Chief Chemist .
Research Chemist .
Master Mechanic .
Chief Electrician .

W. S. Boyd ... 1800 Hobart Bldg.,
San Francisco, Calif.

R. W. Thomas Ray, Arizona
R. C. Nowland .. 1700 Hobart Bldg.,

San Francisco, Calif.
E. J. Franklin Kearns Bldg.,

Salt Lake City, Utah
A. J. MacLean .. 1800 Hobart Bldg.,

San Francisco, Calif.
G. E. Stephenson, Hayden, Arizona
R. V. Hersey Ray, Arizona
R. I. Ezell Hayden, Arizona
C. A. Hurst Hayden, Arizona
J. D. Sullivan Hayden, Arizona
Nels Johnson, Hayden, Arizona

C. A. Kumke ~.Ray, Arizona
Moses Brown Ray, Arizona
D. LaGrange Ray, Arizona
P. T. Whitehead Ray, Arizona
W. W. Spurlock Ray, Arizona
R. A. Cook Ray, Arizona
T. A. Maslin , .Ray, Arizona
C. E. Mitchell Ray, Arizona
T. O. Turner Ray, Arizona

,V. 1. Garms Hayden, Arizona
F. J. Tuck Hayden, Arizona
T. Oxnam Hayden, Arizona
B. L. Beard Hayden, Arizona
J. L. Stevens Hayden, Arizona
V. T. Root Hayden, Arizona
C. W. Dutton Hayden, Arizona

CHRISTMAS COPPER COMPANY

Manager H. A. Rossell Christmas
Mine Superintendent John A. Thomas Christmas
Mill Superintendent Samuel Knight Christmas
Chief Clerk . . . . . . . . . . . . . . . . .. Leslie Ballard Christmas
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Chief Engineer Samuel Hendricks Christmas
Consulting Geologist Guy N. Bjorge San Francisco

AMERICAN SMELTING AND REFINING COMPANY

HAYDEN WORKS

Superintendent .
Business Manager .

H. F. Easter Hayden
C. C. Kiser Hayden

CLIFTON-MORENCI DISTRICT-

MINING PROPERTIES

The Morenci Branch of Phelps Dodge Corporation is the only pro-
ducing company in the district.

MINING METHODS

All the ore except that mined by lessees is coming from the Hum-
boldt Mine at Morenci. Lessees' ore mined chiefly for flux comes
from various places in Morenci and Metcalf.

All ore on company account is now mined at the Humboldt Mine
by the Morenci Block Cave Mining method. The system was designed
to meet the special conditions at this mine. The ore occurs as veinlets
of chalcocite and pyrite in sericitized quartz monzonite, with some
disseminated chalcocite and pyrite between veinlets. The ore is hard
and breaks in big slabs. The dimensions of the ore body now being
mined are roughly 2,000 feet long by 600 feet wide by 1,000 feet in
thickness. The ore is overlain partly by oxidized capping and partly
by old caved stopcs mined by. a variety of methods in past years.
The ore is mined out in lifts, the first lift now being taken being
approximately 150 feet. It is planned to use 270 feet as the next lift
below the present stopes.

The haulage level is seventy feet below the undercutting level,
and the grizzly level twenty feet blow. The haulage drifts are laid
out at 56-foot intervals and run the length of the ore body.
Off the haulage drifts at intervals of 28 feet are driven two
inclines, in a plane at right angles to the drift, off a pony set at the
top of the drift equipped with large chutes. These raises are driven
on an incline to the gizzly level so that their tops are 28
feet apart. The grizzly drifts are run at right angles to the haulage
levels, transverse to the ore body, connecting the tops of the main
raises. Stope panels are 112 feet wide and run the length of the ore
body. Two haulage drifts serve each panel. Grizzlies are spaced at
approximately eighteen feet six inches and fourteen-foot intervals
in the grizzly drifts. Timbered slots are cut, at the top of every



44 ARIZONA BUREAU OF MINES

other main raise to serve the grizzlies between raises. This gives a
strong pillar between raises. At each grizzly a four by six-foot drift
opening is made one on each side of the drift and from these are
driven finger raises belled at the top. These raises are driven either
vertically or at steep inclines, to top at the undercutting level at
intervals fourteen feet by eighteen feet, eight inches approximately.
Off the top of finger raises on the unbroken side of the panel, boundary
shrinkage stopes are run up six feet wide a distance of 35 feet. Be-
fore these are started, pilot raises are driven 120 feet apart, con-
necting with an old intermediate level above for ventilation. Above
the 35-foot level, shrinkage stopes are taken up forty to
fifty feet on each side of the pilot raises to a height of about seventy
feet below the top of the ore, leaving a pillar thirty to forty feet
between shrinks. In exceptionally hard ground, more ground may be
cut out reducing the size of the pillars. On the undercutting level,
a checkerboard of small drifts is then driven connecting the tops of
the fingers, leaving pillars of approximately fourteen by ten feet be-
tween drifts. These pillars are then drilled, and the backs of the
drifts drilled at intervals of four feet with six-foot fanned holes.
These drifts are four by six feet in cross-section untimbered, and are
started at the edge of the caved ground, and proceed in the direction
of retreat of the stope. Pillars are blasted down two or three at a
time, starting at the heaviest ground and progressing across the stope.
A supply drift is run on the grizzly level longitudinal to the panel, and
outside of the panel.i 'I'he sequence of preparatory work is (1) haul-
age drifts, (2) haulage raises, (3) grizzly drifts and supply drift,
(4) grizzlies and short openings, (5) finger raises, (6) shrinkage stopes,
(7) undercutting drifts, (8) blasting pillars. The total ore taken out
by these operations is less than ten percent of the ore in the stope.
Grizzlies are spaced sixteen inches apart to allow for large boulders,
as the ore breaks in big slabs in the relatively hard ground at the
Humboldt Mine. No chutes are put in at the bottom of the finger
raises, the ore falling directly down and across to the grizzlies. Cav-
ing is started, at first slowly to allow for crushing and grinding action,
and then progressively faster. Caving action is not complete until
more than 96 feet of the length of the panel is undercut. In heavy
ground, transverse shrinks are used at irregular intervals to take
off weight from the grizzly level. These are not necessary in the
average hard ground. The angle of retreat (the angle between the
top of the caved ore and a horizontal plane) starts at about sixty
degrees. After the ore is completely caved the maximum which can
be drawn from an area of 10,000 square feet is 1,200 tons per day
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or 1% feet vertical per day. One man at each grizzly handles an
average of 120 tons per shift.

After one panel has progressed far enough so that .ore has been
completely drawn at the starting end, and after an interval to
allow for settling, the second panel is started against the caved
waste of the first panel.

Drawing operations are controlled by the stope control department
working in close cooperation with the mine department. Careful
records are kept of the ore drawn from each finger and a daily sched-
ule is followed on instructions from the stope control department.

Saftey.-The Morenci branch of the Phelps Dodge Corporation has
an enviable record in accident prevention. Saftey is put before all
other considerations in the work. The outstanding practice responsi-
ble for the good record is in blasting. Rounds in raises over thirty
feet high and in all shafts are blasted with electric delay detonators.
All blasting in pillars on the undercutting level and all that on the
grizzlies and in hung-up finger raises is done by instantaneous electric
detonators. The only blasting done by fuse is in drifts and short
raises. The entire active portion of the panel is wired in parallel
with a permanent blasting circuit carrying 250 volts, There are four
breaks in this circuit-one in ia drift set adjacent to each grizzly,
one at the entrance to each grizzly line, an interrupter switch in
the supply drift at a safe distance from the last grizzly line, and a
firing switch at the exit of the stope.

The grizzly 'level is connected with the Joy shaft, the main supply
shaft and entrance for the men. The haulage level is connected with
the No.6 shaft, the main hoisting shaft. The Liverpool shaft is used
for waste disposal and as an entrance to the deeper development
headings.

As a precaution against falling through the wide-spaced grizzlies,
each grizzly chute tapper wears a safety belt roped to a timber in the
grizzly level set. When not in use the grizzlies are covered with
two ten-inch planks, and hand-holds are installed on each side.

The mine performance for 1927 and 1928 was as follows:

Pounds

I
Bd. Ft.

Year Tons mined! Stoping* Mine Overallf powder timber
payroll'] per ton per ton

1927 1,136,339 40.35 IO.OO 9.07 0.24 0.23

1928 1,483,984 62.76 11.84 10.45 0.19 0.25

*Excluding development work.
tlncluding salaries.
:j:lncluding all shifts from other departments chargeable to mining.
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DRAINAGE

The mine is drained through a 4,300-foot tunnel that connects
with the Liverpool and No.6 shafts at the 1,400-foot level. The tun-
nel entrance is in Chase Creek.

TRANSPORT ATION

Ore is hauled in trains of twenty 6-ton or fifteen 8-ton cars by
electric locomotives, about 4,000 feet, to an ore pocket at the No.
6 shaft. From there it is loaded into two 4.6-ton skips run in counter-
balance and hoisted 512 feet to the surface where it is dumped into
the mill bins. Waste from development work is hoisted through the
Liverpool shaft and supplies and men through the Joy shaft, equipped
with a 7 by 13%-foot single deck cage capable of handling a truck
load of timber or sixty men at a trip, run in counterbalance with a
counterweight.

The mining methods have been minutely described in the following
publication:

Mosier, McHenry, and Sherman, Gerald, Mining practices at Morenci
branch, Phelps Dodge Corporation, Morenci, Arizona. U. S. Department
of Commerce, Bureau of Mines Information Circular roo 6107, March
1929

This article has been reprinted as follows:
Mosier, McHenry, and Sherman, Gerald, Mining practices at

Arizona, Arizona Mining Journal, June 30, 1929, pp. 7-12-60.
pp. 9-11, July 30, pp. 9-11, Aug. 15, pp. 8-9.

CONCENTRATOR

The concentrator has been recently remodeled. Due to economies
effected by handling large boulders in the mine, it was found necessary
to replace the old primary crushing machinery. The concentrator
has been enlarged and remodeled to take care of a larger tonnage in
the future of lower grade, harder ore than is now handled. The fol-
lowing flow sheet is in effect: Run of mine is received in the hoist
bin of 1,200-tons capacity at a maximum size of eighteen inches.
This passes by gravity over a grizzly with six-inch spacing to an
Allis Chalmers 35 by 48-inch jaw crusher run by a 150-h. p. induction
motor delivering power through an Allis Chalmers Tex Rope drive, and
set to crush to eight-inch maximum size, The jaw crusher product
together with grizzly fines is transported by a conveyor to a Traylor
vibrating screen with half-inch openings protected by a scalping
grizzly for coarse ore, Oversize goes to two surge bins and undersize
to a central surge bin. These three surge bins are. equipped with apron
feeders as unloaders, direct connected with motors. The material from
the two oversize bins goes to two seven-foot Symons cone crushers,

Morenci
July 15,
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and the undersize bin product joins the product from the crushers
to a conveyor belt delivering to the fine ore storage bins.

The ore is delivered from the fine ore bins by automatic rotary ore
feeders and conveyed by a series of conveyors to four Hum-mer
screens with three-mesh openings, 45-degree slope. The oversize goes
to four 56 by 24-inch rolls in closed circuit with eight Hum-mer
three-mesh screens, the fines joining the undersize from the .first
screens and passing to forty Deister Plat-O tables. These tables produce
a finished concentrate, with a considerable portion of the oxidized
copper minerals contained in the ore, and a middling product. The
concentrate is delivered to two 4V2 by 15-foot lO-inch Dorr classi-
fiers equipped with 54-inch vacuum bottoms for dewatering, and the
dewatered concentrate is conveyed directly to railroad cars together
with the filtered flotation concentrate. The middling from the tables
is delivered to six 6 by 21-foot Dorr rake classifiers. The sand passes
to the primary grinding system.

The primary grinding equipment consists of three Allis Chalmers
ball mills, seven feet in diameter, twelve feet long, and three Vulcan
Iron Works ball mills, 8V2 feet in diameter, twelve feet long. Each
ball mill is run in closed circuit with an 8 by 26V2-foot Dorr classifier
to produce an overflow product passing 48 mesh. This product passes
to the primary flotation machines.

The primary flotation machines consist of eighteen 18-foot by 43-
inch Forrester flotation rougher cells which produce a rough con-
centrate and a tailing product. The primary rough concentrate is
cleaned in a Forrester cleaner cell 24 feet long, sixty inches wide
at the overflow. The cleaned concentrate is sent to the flotation
concentrate dewatering system.

Primary flotation tailing product is delivered to five Dorr bowl
classifiers eighteen-foot diameter, 31 feet 8 inches long running at
a speed of three r. p. m. and a rake speed of 23 r. p. m. operating in
closed circuit with four 6% by 12-foot Marcy ball mills and one
eight by three-foot Hardinge mill. The overflow product passes 65
mesh. The slimes from the Dorr rake classifiers are used to dilute and
classify the water in the bowl classifiers.

The overflow product from the secondary grinding system and classi-
fiers is further treated in six 26-foot lO-inch by 43 inches, two 38V2-
foot by 48-inch, three 24-feet 43-inch and two 24-feet by 53-inch For-
rester type cells, producing a rough concentrate and a tailing. The con-
centrate is cleaned and recleaned in two Forrester cleaner cells 24
feet long, 43 inches wide. The finished concentrate is sent to the con-
centrate dewatering system consisting of two 30-foot Dorr tanks,
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• the overflow from which is further settled in a thirty-foot Dorr tank,
the overflow from which is finally settled in a sixty-foot tank. The
spigot product from each tank passes to two eleven by twelve-foot and
one fourteen by fourteen-foot Oliver filters, and the dewatered con-
centrate joins the table concentrate and is conveyed to railroad cars.
The overflow from the sixty-foot tank goes to the reclaimed water
tank and is pumped back for further use.

The tailing from the secondary rougher cells is then treated in six
McIntosh-type cells, three 10 feet long and three 20 feet long. The
tailing product is then treated in a circular Forrester-type scavenging
cell 120lh-foot circle, 43 inches wide. The tailing from this cell passes
to one cascade-type air-entraining cell making a final tailing. The
rough concentrate from these cells is pumped back to the classi-
fiers at tIie head of the secondary grinding mills by two 6-inch
Krogh pumps.

The final tailing passes to one 200-foot diameter traction-type Dorr
thickener, one central-drive Dorr thickener, 130-foot diameter, and
two 60-foot square five 30-foot square, and two 30-foot diameter
central drive Dorr thickeners. The reclaimed water from them goes
to the reelaimed wat;r sump, and the thickened pulp to the tailing
dams.

The concentrator when completely remodeled will handle 5000 tons
a day. Before remodeling was completed, the performance in 1928,
on 1,563,706 tons treated was as follows:

185.7 tons treated per hour
Extraction total copper, 80.979 percent
Extraction sulphide copper, 90.283 percent
Extraction acid soluble copper, 16.139 percent
Ratio of concentration, 14.53
Total power (power house), 13.62 kw. per ton.
Tons concentrated per man shift, 27.4
New water per ton, 293 gallons
Reclaimed water per ton, 1,043 gallons
Chemical reagents used per ton, 0.0992 pounds
Oils, 0.081 pounds
Lime, 4.581 pounds
Steel consumption:

Pounds of balls per ton ,1.63
Pounds of liners per ton 0.18

Total 1.81
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A detailed description of the concentrator is found in the following
article:

Crowfoot, Arthur, and Barnard, Dale C, Concentrator of the Phelps
Dodge Corporation, Morenci Branch. The Mining Congress Journal
June, 1929, pp. 448-454.

CLIFTON SMELTER

The only change in the Clifton smelter since the publication of
Bulletin No. 125 has been the perfection of the anode plant. The
smelter and anode plant have been described in the following publi-
cation, and the description given below is taken from it:

Simcox, I. J" The Clifton Smelter of the Phelps Dodge Corporation, The
Mining Congress Journal, June 1929, pp. 455-460.

"The charge of converter copper, about fifteen tons blown to 0.4
percent oxygen, is poured into a launder which leads into the oxidizing
vessel of the anode plant. The slag is skimmed off and the copper is
oxidized to 0.5-percent with air by inserting a %,-inch iron pipe just
below the surface of the copper and using twenty pounds pressure.
About thirty minutes is required for this operation. A test button
is taken and the oxygen content is estimated by the operator from
the appearance of the depression in the button. The copper is heated
to about 2,150 degrees F. by means of an oil burner inserted through
a hole in the end of the vessel opposite the skimming hole.

"The reducing vessel, mounted on a truck, is operated by an electric
motor and trolley traveling on a track to the oxidizing vessel. A
short launder makes the connection between the two vessels. The
oxidizing vessel is equipped with a triplex pump, which furnishes
pressure at 225 pounds for two sixteen-inch hydraulic cylinders used
to tilt the vessel when transferring the copper.

"After the reducing vessel has received the charge of copper the ves-
sel moves back to the poling platform. The small amount of slag
that was left from the previous skimming is skimmed off. The copper
is then poled with green aspen poles through the skimming holes to
0.08 percent oxygen. About 34 pounds of wood per ton of copper is
used.

"The vessel is also equipped with an oil burner, so that if the tem-
perature is too low it can be raised to the proper temperature. It
is seldom necessary to heat the copper in this vessel. About 2,100 .
degrees F. is the temperature required before pouring. The oil required
for both vessels amounts to 0.075 barrels per ton of copper when
casting at the rate of 65 tons per day.

IIFor pouring, the tap hole is opened, the vessel is tilted in the same
manner as the other vessel, being equipped with two sixteen-inch hy-
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draulic cylinders furnished with pressure by a motor and pump on the
vessel. The copper drops about six inches to a tilting spoon which
pours six streams, the metal dropping ten inches to the anode moulds.
The controls for moving the vessel from one mould to another, raising
of the vessel, and the tilting of the spoon, are controlled by one man
from a convenient working platform. The vessel, spoon, etc., are de-
signed to nave the least amount of oxygen absorbed in pouring.

"A total of 44 moulds is set on a framework eight feet from the
ground in a straight line along the crane aisle. The moulds are made
of copper and weigh 3,500'pol.ll1ds each.

"The anodes are raised and lowered again about two inches after
pouring to free them and prevent cracking of the lugs on account
of strains due to cooling. It is necessary to lower at once to prevent
the anodes from warping. The raising of the anodes is accomplished
by means of a 1%-inch pin in the bottom of each mould, receiving its
power from a small hydraulic cylinder. As soon as the copper in
the vessel is poured, the vessel moves back to the poling platform and
is ready for another charge.

"The anodes, after being cooled enough to prevent warping, are
raised, ana are lifted out of the moulds one at a time by a gantry
crane, which gathers four anodes on the crane platform and then
lowers the four to the ground and stacks them against two rails placed
at a slight angle from the vertical.

"A small storage battery Baker truck picks up four anodes at a
time and stacks them in a pile for inspection. One man on day shift
only sorts out all of the off-weight bars (being allowed by the re-
finery a limit of five percent above and below 700 pounds) and bars
rejected for bad lugs, etc. These bars are melted up in the converter
and treated again in the anode plant. The good bars, about 95 percent
of the total, are loaded in box cars for shipment by means of the
Baker truck.

"The oxidizing and reducing vessels are exactly the same and can be
used in either stand. There is also one spare vessel available in case
either vessel has to be repaired. The shells of the vessels are of
o/s-inch plate, 8 feet 11 inches inside diameter, and 12 feet 7 inches
long. The end plates are % inch thick and are reinforced with chan-
nels. The lower half of the vessel, starting at the steel shell, is lined
with six inches of silocel brick in two courses, laid in silocel cement
mortar. The ends of the vessels have two inches of crushed silocel to
allow for expansion of fire brick, and the six inches of silocel.

"From the copper line the upper half of the vessel lining, starting
from the outer shell, has first, four inches of crushed silocel and then
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six inches of silocel brick in two courses of 3 by 4112 by 9 inches laid
in silocel mortar. The last course of silocel joins with the 2%-inch
course of fire brick from the lower half of the lining, forming a com-
plete rim of fire brick blocks nine inches thick. These blocks are
nine by nine by seven by four inches laid dry and wedged tight. The
maximum inside diameter is four feet nine inches from which point
the bottom lining tapers to the tap hole at an angle of nineteen de-
grees and to the skim hole in the opposite direction at an angle of 45
degrees. The lining of the bottom of the vessel, where the copper
stream from the launder impinges, is nine inches thick, the brick being
laid on end.

"The burner hole, located at the front end of the vessel just above
the tap hole is six inches in diameter.

"The tap hole is three inches in diameter and is plugged with a stop-
per made of cement, sodium silicate, and ground coke. The stoppers
are made in a steel mould and are allowed to dry before using. To
open the hole all that is necessary is to pull the plug.

"Oklahoma oil of low sulphur content is burned in both vessels.
We find it necessary to use oil low in sulphur in order that this sulphur
content of the copper may be as low as possible.

"The operating crew consists of three men per shift and one man
on day, shift, inspecting and loading the anodes, making a total of
ten men. This crew is all that is necessary for a production of 85
tons per day.

'The analysis of the anodes is as follows: Cu. 99.85 percent, O2.11
percent, S .0004 percent and Fe .004 percent."

LABOR
For the year 1928, 72 percent of all mine labor was paid on bonus

or contract systems and 28 percent on day's pay. All development
work is done on standard contract schedules which are seldom varied.
Men are guaranteed day's pay. The proceeds of the contract are shared
by the men participating according to the conditions, discretion of
the foreman, and the wishes of the men. Stope work is done on a
bonus system as is also transportation. Everything above a base rate
is paid for at half the "base cost per ton." Shift bosses do not par-
ticipate in bonuses, but participate in an accident prevention bonus
based on a graduated scale for each 1,000 shifts supervised without
an accident.

Sajtey.-The safety organization consists of a branch safetyengi-
neer and a mine safety engineer, aided by safety inspection commit-
tees, consisting of elected delegates from each department.

The average payroll for the year H)29 was as follows:
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Men employed
Mine department 778
Haulage department (Industrial R R)...... .. . . 35
Power and mechanical 164
Concentrator department " . . . . . . . . .. 193
Leasing department 37
Smelter department 186
Surface 133

Total 1,526

PERSONNEL OF OPERATING COMPANIES

PHELPS DODGE CORPORATION,

MORENCI BRANCH

Manager .
Asst. Manager .
Superintendent Mines .
Superintendent Concentrator ..
Superintendent Smelter .
Superintendent Power .
Chief Clerk .
Manager Supply Dept. . .

Frank Ayer Morenci
I. J. Simcox , Morenci
McHenry Mosier Morenci
Arthur Crowfoot Morenci
J. G. Lindley Clifton
R M. McDougal Morenci
C. M. Staples Morenci
J. R Bowie Morenci

AJO DISTRICT

MINING PROPERTIES

There is one producing company in the district, the Calumet and
Arizona Mining Company, New Cornelia Mines.

MINING METHODS

The ore is all mined in an open pit by steam shovels. Banks of
thirty feet are generally maintained. Drilling is done by plugger
type machines. For vertical bank holes, the drills are suspended on
light tripods. Bank holes are chambered before loading. Toe holes
are also drilled to facilitate thorough shattering. Steam shovels with
four-cubic-yard dippers are employed. The ore is loaded into thirty-
ton side-dump cars for transportation to the crushing plants. Very
little waste is handled except in the approach now nearing completion.
A large tonnage of ore is being developed ahead of mining to the
southeast of the present pit. This ore does not outcrop, and a part
of it will probably be mined from the pit, necessitating the handling
of considerable waste. Ratios of as high as three of waste to
one of ore may eventually be used for the mining of this ore.
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CRUSHING PLANTS

The crushing plant for the leaching ore has not been changed
since the publication of the first edition of The Mineral Industries
of Arizona.

The plant for concentrating are has been remodeled and enlarged.
Run of mine ore is hauled in thirty-ton side-dump cars in trains of

six cars from the pit to the head of a 5,OOO"tonbin from which it
is fed by a pan feeder into a 54-inch McCullough crusher taking
boulders of 54-inch maximum size. This crusher reduces, when the
concaves and breaking head are new, to four-inch ring, and after
wear' to seven-inch ring. Crushed ore is conveyed to the head of a
3,800-ton steel bin of six cylindrical compartments. From this bin
the ore is fed by a pan feeder from each compartment onto a Traylor
vibrating screen with one-inch openings, placed over a seven-foot
Symons cone crusher. Crushed ore and screen undersize from each
unit (six in all) is conveyed to a central incline belt which con-
veys the combined product to eight Traylor and 24 Hum-mer vibrat-
ing screens with l;.4-inch openings. Screen oversize falls on a conveyor
and. is fed into a surge bin at the head of six 78 by 24-inch Traylor
rolls. Roll product is elevated back to the screens. Screen undersize
is conveyed by a 36-inch incline belt to the head of the fine ore bin.

McCullough concaves and breaking head last about twelve months.
Cones for the Symons cone crusher are replaced every four months.
The life of the roll shells has been increased from four months when
intermediate crushing was done by gyratories and disc crushers to
eight months with the cone crushers installed.

Final product is all through 14-inch mesh and approximately 25
percent is on 65 mesh. Very little primary slime occurs in the ore.

LEACHING PLANT

No changes of note have been made in this plant since the publica-
cation of the first edition of The Mineral Industries of Arizona. The
plant has been minutely described in the following publication:

Bell, G. A., Leaching practice of the New Cornelia Mines of the Calumet
and Arizona Mining Company, Ajo, Arizona. Dept. of Commerce, U. S.
Bureau of Mines Information Circular, 1930.

CONCENTRATOR

The concentrator has been modified and enlarged since the publi-
cation 'of the first edition of The Mineral Industries of Arizona. It is
composed of eight units of 2,000 tons each and a 400-ton experimental
unit under construction. The original plant was of five units of
1,000 tons each.
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Crushed ore is conveyed to a conveyor equipped with an automatic
tripper running the length of the fine are bin. This. bin, a suspended
type steel bin, runs the length of the concentrator, and is divided
into eight compartments of 2,000 tons each plus a small compart-
ment at one end to serve the experimental unit.

Discharge from each compartment of the bin is through three
gate-controlled hoppers! onto two feeder belts delivering onto a
single 24-inch belt equipped with a weightometer. The ore is delivered
to a hopper placed between the two primary grinding mills of each
section. The stream is split in the hopper into two equal parts, one
for each mill.

The two primary mills are six by fifteen-foot Marcy rod mills, and
are run in partial closed circuit with eight-foot Dorr classifiers. Part
of the sand is returned to the primary mills and part to the secondary
grinding mills.

There are two secondary six by fifteen-foot Marcy rod mills to
each section, run in closed circuit with 'eight-foot Dorr classifiers.
These mills are placed on a lower floor than the primary mills. Over-
flow from both sets of classifiers is conveyed by launders to the flota-
tion department. Final flotation feed averages about five percent on
65 mesh and 59 percent through 200 mesh.

The overflow from the classifiers from each section passes to two
rougher McIntosh flotation machines. The concentrate from the rough-
ers is elevated by air lift to two cleaner McIntosh machines. The
tailing from the rougher machines of all the mill sections is com-
bined and passes to two scavenger Inspiration-type machines, making
a final tailing and a middling product. The middling product is
elevated back to the head of the rougher machines. The final tailing
is conveyed by launders to the sand box. Final concentrate from the
cleaner machines of all sections is conveyed by launders to a set of
ten concrete Dorr thickeners 58 feet 8 inches in diameter. The
thickened concentrate flows into a sump from where it is pumped
into an eleventh thickener of the same size. From this thickener,
the concentrate flows by gravity to the filtering plant, where four
14 by 14-foot Oliver filters are installed. The filter cake is dis-
charged onto belt conveyors delivering directly into special McGregor
concentrate cars for shipment to the Calumet and Arizona smelter
at Douglas.

The reclaimed water from all thickeners passes to a sump from
where it is pumped to the reel aimed water tank above the concen-
trator.
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•

The final tailing from the scavenger machines flows to a sand box.
The overflow flows to two concrete Dorr traction thickening tanks
one of 200-foot and the other of 275-foot diameter. The sands from
the sand box and the discharge from the thickening tanks are pumped
through a 5,500-foot wood-stave pipe to the tailing pile.

All machines are driven by independent motors. Air for the flota-
tion machines is furnished by De Lavel turbo-compressors. An Inger-
soll-Rand compressor furnishes compressed air for the air lifts in the
flotation department. De Lavel centrifugal pumps located in the
filter building are used to pump reclaimed water from the sump
at the foot of the concentrator to the reclaimed water tank. Tailing
is pumped by six-inch Wilfley sand pumps, of which SIX are
installed.

The mill performance for the month of January, 1930, was as
follows:

Total recovery .
Sulphide recovery .
Oxide recovery .
Silver recovery .
Gold recovery .
Ratio of concentration .
Head .
Tailing .
Concentrate .

Reagents:
Pine oil 0.253 pounds per ton of ore
Xanthate 0.095 pounds per ton of ore
Lime 0.592 pounds per ton of ore

Power 18.157 kw.-h. per ton of ore
Power for 1929 15.775 kw.-h. per ton of ore
Alkalinity is kept at pH of 9

Steel consumption:
Rods 3.330 pounds per ton of ore
Liners 0.036 pounds per ton of ore
New water 295.S gallons per ton of ore

88.699 percent
91.907 percent
53.047 percent
82.025 percent
79.059 percent
19.065 percent
1.281 percent copper
0.153 percent copper

21.511 percent copper

WATER SUPPLY

The water supply at the wells has been increased by drifting and
. two additional 1,200-gallon pumps have been installed, making the
total capacity 7,400 gallons per minute. The wells are about 6%
miles from the town and plant.
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LABOR

The average payroll for 1929 was as follows:
Men employed

Steam shovel __. _ __ __.. __ _" 347
Leaching plant 138
Concentrator _. . . . . . . . . . . . . . . . . . .. 210
Office, shops, pumping and misc. 327

Total 1,022

1929 PRODUCTION

Tons mined
Ore leached 1,122,031 t
Ore concentrated 2,456,304 \

Pounds copper

70;033,261

Total _ 3,578,335

PERSONNEL OF OPERATING COMPANY

CALUMET AND ARIZONA MINING COMPANY
NEW CORNELIA MINES

Manager .
Gen. Supt .
Plant Supt .
Mine Supt. .
Asst. Plant Supt. . --
Chief Clerk .
Purchasing Agent .
Asst. Leaching Plant Supt. . .
Chief Chemist -
Master Mechanic .
Chief Engineer .
Mine Foreman .
Power Plant Foreman .
Chief Electrician .

M. Curley Ajo
W. L. Du Moulin Ajo
J. A. Potter Ajo
G. R. Ingham , Ajo
H. A. Nelson " Ajo
R. D. Lyons Ajo
Geo.Jay \Varren
H. L. Snyder Ajo
Geo. A. Bell Ajo
E. M. Reid Ajo
A. T. Barr .. ; Ajo
T. B. Hinton Ajo
C. B. Walker Ajo
L. V. Wilson Ajo

SUPERIOR DISTRICT

MINING PROPERTIES

There is one producing property in the district: The Magma
Copper Company. The Belmont Copper Mining Company and the
Magma Apex Copper Company are developing.
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MINING METHODS

At the Magma Mine, two mining methods are used: Timbered
rill stoping for narrow portions of the vein and rill and pillar stoping
for wide widths. The first method is used for vein thickness of about
fifteen feet. After the sill sets are put in, the central part of the
section is taken up until the back takes the form of a pyramid. A
raise is taken up to the next level, used for wasteway. The stope is
then taken up in seven-foot panels, waste being· introduced after
each! panel is mined. The waste is covered with plank, and the are
from the next panel slides over the fill. Ten by ten-inch square-set

. timbers are used. Waste is obtained both from development work
and from a waste glory hole on the surface. A waste raise connects all
levels with the glory hole.

In the rill and pillar method, used for wide thickness of vein, tim-
bered rill stopes are taken up sixteen feet wide, leaving fourteen-
foot pillars between stopes. The pillars are later taken out by under-
hand Mitchell slice method using special segment sets braced against
the lagged fill on each side. After the pillar is taken down to the
bottom level, part of the timber is salvaged and the stope filled with
waste.

These two methods are described in the following publication:
Snow, Fred W., Mining methods and costs at the Magma Mine, Superior,

Ariz. U. S. Department of Commerce, Bureau of Mines Information Cir-
cular No. 6168. September, 1929.

DEVELOPMENT WORK

Belmont Copper Mining Company.-At this property, development
for the year 1929 was confined chiefly to diamond drilling.

Magma Apex.-Diamond drilling was done at this property adjoin-
ing the Magma Copper Company during 1929 and towards the end
of the year a shaff was started to develop mineralized ground cut
by the drills.

Magma Copper Company.-Two new shafts are now under way
by this company, one at the east end and the other at the west end
of the property to facilitate development work and to aid in ventila-
tion. The vein has been developed to the 2,500-foot level, and the
2,800-foot level is being opened up.

1929 PRODUCTION
Magma Copper Co. Tons are

Ore concentrated 232,333 t
Ore smelted direct..... . . . . . . .. 37,246)

Pounds copper

36,550,000

Total 269,579
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LABOR .

Magma Copper Co. Men
Mine 478
Mine mechanical. . . . . . . . . . . . . . . . . .. . . .. . . . . . . . 51
Concentrator 151
Smelter 137
Salaries 65
Railroad :.................................... 24
Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

824
Belmont Copper Mining Company 50
Magma Apex Copper Company 25

Total '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 899

PERSONNEL OF OPERATING COMPANIES

MAGMA COPPER COMPANY

(jenera I Manager .
Asst. Manager .
Purchasing Agent .
Safety Engineer .
Mine Department

Mine Supt .
Chief Clerk .
Master Mechanic .
Chief Electrician .
Chief Engineer .
Chief Chemist .

Mill Department
Superintendent .

Smelter Department
Superintendent .
Ore Buyer .
Metallurgist .

Wm. Koerner .. " .. , Superior
E. G. Dontzer Superior
Frank Sarrer Superior
B. Foraker , .. , Superior

H. Forsnas Superior
J. Mays , Superior
Jack Weitzel Superior
George Knight Superior
F. Flanagan , .. , .. Superior
W. Simon Superior

J. H. Rose. '" .. , .. , .. , .Superior

J. H. Rose , .. , Superior
A. B. Richmond Superior
J. C. McNabb '" Superior

Superintendent

BELMONT COPPER MINING COMPANY

Chester Hoatson Superior

President
MAGMA ApEX COPPER COMPANY

O. H. Anderson Superior
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BRADSHAW MOUNTAINS DEPOSITS

LOCATION AND GENERAL GEOLOGY

Included in this area are other ranges in Yavapai County tributary
to the Prescott-Phoenix branch of the Santa Fe Railroad. These
ranges are made up of pre-Cambrian schists, gneisses and intrusive
stocks of granite, monzonite, and allied rocks. A considerable area
is covered by late eruptive and effusive rocks of Tertiary age. The
ore bodies are of three types: lenses of massive sulphides in the
schist, veins cutting the schist and intrusives and disseminated de-
posits in the intrusives. Most of the production in the past has come
from the first type, but the present production is partly from vein
deposits. The disseminated ores are now being developed.

The principal mining centers are Prescott, Mayer, Humboldt,
Walker, Kirkland, Hillside, Bagdad, and Canon.

MINING PROPERTIES

The principal operating companies are: The Sheldon Copper.
Company, the Bagdad Copper Corporation, and The Hammon Copper
Company.

THE SHELDON COPPER COMPANY

Mining Property.-This company's principal holdings are at Walker.
During 1929, the company absorbed the holdings of the Southwest
Metals Company including the Humboldt Smelter, the Blue Bell
Mine and the De Soto Mine.

Mining Development.-At the Sheldon Mine at Walker the ore
body occurs in a steeply pitching vein in quartz diorite. The property
is developed by an inclined shaft 1,250 feet deep with working
levels at the 450-, 650-, 750-. 850-, 950-, 1100- and 1250-foot levels.
The ore is mined by shrinkage methods, is hoisted in skips run in
counterbalance, and is transferred to the mill bins.

Concentrator.-No changes have been made in the concentrator
at Walker since the publication of the first edition of The Mineral
Industries of Arizona. One hundredand sixty tons a day are treated.
The principal product made is a chalcopyrite concentrate. The ore
contains some galena, and this is separated by selective flotation.
The filter cake is loaded into 2%-ton cars and hauled through the
8,400-foot Poland Tunnel in trains of three cars by Plymouth gaso-
line motors to bins at the head of the Poland branch of the Santa
Fe Railroad, from which it is loaded into railroad cars for shipment
to the smelter.
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The ratio of concentration is about five to one, and 87 percent
copper extraction is obtained.

Humboldt Smelter.-This smelter has been remodeled to handle
250 tons a day. Sheldon concentrates, ore from the De Soto and
Blue Bell mines, and miscellaneous custom ore are treated.

are is dumped into five receiving bins of fifty-ton capacity each,
It is conveyed from the bins to a Farrell and Bacon thirty by fifteen-
inch jaw crusher, crushing down to 2% inches. Crushed ore is con-
veyed to a three-foot Symons cone crusher and further reduced to
%-inch ring. A 1/40 sample is cut from the %-inch stream
by a Vezin sampler, and the reject is conveyed to three
bins of ninety-ton capacity each. Concentrates are stored sep-
arately. The ore and concentrates are mixed and conveyed to one
of four 7-hearth 22.6-foot diameter roasters. Calcines are trans-
ferred to a 65 by 19%-foot reverberatory furnace. Slag is granulated.
Matte is blown to blister copper in a 7% by 10-foot converter. Con-
verter slag is granulated and charged cold into the reverberatory.

The plant is designed to treat from 125 to 150 tons a day econom-
ically.

THE BAGDAD COPPER CO·RPORA TION

Mining Property.-The holdings of this company are in the
Aquarius Mountains near the Yavapai-Mohave County line, about
26 miles west of the settlement of Hillside, the nearest railroad point.

Geology.-The ore body is it disseminated deposit in a large, much
fractured and altered monzonite mat's intruding schist. A large ton-
nage has been blocked out by churn drilling, both of sulphide and
oxidized ore. The deposit it' in the form of a blanket capped with
barren leached ground considerably copper stained. Below the oxi-
dized zone, primary sulphides consisting of disseminated chalcopyrite
and bornite are encountered. Not much chalcocite enrichment occurs.

Development.-The ore has been blocked out by churn drill holes,
and has been partly opened up by a long tunnel and by a shaft and
lateral work.

Treatment.-Due to the long haul to the railroad, treatment has
entailed the production at the mine of the purest possible end prod-
ucts. A test plant of fifty-ton capacity is now operating. The ore is
hoisted to a surge bin of 25-ton capacity along a 480-foot two-way
tramway by an electric hoist. Before entering the bins it passes over
a six-inch grizzly. It is then crushed to one-inch in a jaw crusher
and elevated to a fifty-ton storage bin. It is further crushed by a
No. 55 Marcy ball mill run in closed circuit with a Dorr classifier.
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It. is then pumped to a rougher flotation cell. The tailing from this
goes to waste and the concentrate is further cleaned and the cleaner
tailing product goes back to the rougher cell. These two flotation cells
are of the Southwestern air type without blankets, air being furnished
by a No.2 Roots blower. The entire mill except the jaw crusher is
driven by line shaft and counter shafts by a seventy-h. p. synchronous
motor. Pine oil and aerofloat are the reagents used. A tailing thick-
ener is employed to save water. A typical feed is 1.28 percent copper,
and the concentrate from it runs 33.50 percent copper, 24.2 percent
iron, and 12 percent insoluble.

This concentrate containing over thirty percent sulphur is then
subjected to a low temperature roast in a Wedge multiple hearth
roaster. Temperatures below 1,200 degrees are maintained in order
to prevent the formation of insoluble copper ferrites. The calcines
are subjected to sulphuric acid agitation leach in two 6 by 6-foot
tanks, of the Devereux type equipped with vertically-mounted pro-
pellers. The acid for leaching is the return solution from the tank
house containing from 20 to 25 grams of copper and 65 grams of
acid per liter (2 percent copper and 61j2 percent acid.) Electrolyte
from the agitators contains from 55 to 60 grams of copper and 20
grams of acid (6 percent copper, 2 percent acid). The pulp is thick-
ened in a cone thickener, and filtered through an Oliver filter. About
half the pulp dissolves. A certain proportion of the electrolyte has
to be discarded due to the building up of acid in the tank house. The
copper is taken out from this discard in the stripping cells followed
by scrap iron precipitation. About five percent of the total copper
is produced on scrap iron. .

The major electrolytic unit consists of sixteen cells in four cas-
cades, and the stripping unit has eighteen cells in four cascades of
four each plus two cells used as circuit resistances. The cells are of
redwood lined with antimonial lead. Starting sheets are 20 by 22
inches" and the antimonial lead anodes slightly smaller. Spacing
is 41j2 inches between anode centers. Solution flows through the fou:
cells in cascade in each cycle. Power is supplied by a 180-h. p. Fair-
banks-Morse Diesel engine, direct connected to a direct current
generator of 2,000 amperes at forty volts. Electrolytic copper of 99.98
percent purity is obtained. All starting sheets are made directly from
tho electrolyte and two are made in two days from each cast lead
cathode blank.

A description of the experimental work is found in the following
article:
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Baroch, Charles T., Flotation. roasting. and electrolytic problems in the
development of a copper extraction process, E. & M. J.. Nov. 30th, 1929,
p.845.

Power.-Power for all purposes is generated by Diesel engines direct
connected with generators.

Transportation.--Supplies are hauled in and copper hauled out by
trucks to Hillside, the nearest railroad point, a distance of about
26 miles.

HAMMON COPPER COMPANY

Mining Property.-The holdings of this company are in the west
slopes of the Weaver Mountains, about twelve miles southeast of the
settlement of Kirkland, the nearest railroad point on the Phoenix-
Prescott branch of the Santa Fe Railroad.

Geology.-The deposits 'occur as lenses of oxidized copper ore in
schist.

Mine Development.-The property has been developed by extensive
surface trenching and by lateral work from an 827-foot shaft sunk on
the hanging wall of the principal lens.

Treatment.-For the past two years, experimental work has been
conducted in sulphuric acid leaching of the ore. After many trials,
the following general scheme was found to give the best results. The
ore occurs as oxidized copper seams in a fissile schist. Much primary
fine material occurs as kaolin. In the first experiments performed
on the ore as a whole. much difficulty was experienced with channeling
due to the presence of the primary fine semi-colloidal material. The
best results were finally obtained by classifying the crushed ore by
means of a Dorr drag classifier, and treating minus 65-mesh material
(Dorr overflow) separately by agitation leach in weak acid and
treating the coarse sand in tanks by standard percolation leach,
using stronger acid. Extractions of about 86.5 percent were obtained
in this way.

A permanent plant of 600-ton capacity is now being erected. The
ore from a forty-ton surge bin at the shaft is to be passed over a
three-inch grizzly and the oversize crushed in a 24 by 36-inch jaw
crusher. Grizzly undersize and crushed ore is to be conveyed to a 600-ton
crushed ore bin. From here it is to be conveyed to a Traylor 13;8-
inch screen with a one-inch scalping screen. Oversize is to be crushed
to 3;8-inch size by a No.1 Symons cone crusher. The crushed ore is
to pass over a second 3;8-inch Traylor screen run in closed circuit
with a No.2 Symons cone crusher. Screen undersize is then to pass
to a 600-ton fine ore bin. From this bin the ore is to be conveyed to
two Dorr acid proof drag classifiers, and 0.3 percent acid solution



MINERAL INDUSTRIES OF ARIZONA 63

added. The classifier overflow of minus 65 mesh is to flow through
asphalt-coated firwood launders to two Dorr acid proof agitators
set in series, and is to be agitated for not longer than an hour.
Pulp is then to be thickened in four Dorr acid proof counter current
thickeners, the underflow from which is to go to the tailing pond.
Overflow is to go to the make-up tanks.

The classifier sands are to be dropped into the coarse ore leaching
tanks of asphalt-cated firwood, and allowed to cone up in the
tanks until they are full. Strong acid is then to be pumped up through
the charge for 24 hours, and this is to be followed by a 72-hour leach
with weaker acid solution from the make-up solution from the agita-
tors and iron launders to which strong acid is added. The average
acid for all percolation leaching is to be about 2.09 percent. The
charge is then to be washed by progressively weaker solutions and
finally by fresh water for 48 hours, making the cycle 24 hours loading,
24 hours strong acid leach, 72 hours leach, 48 hours wash and 24
hours unloading, a total of 192 hours or eight days. All pumps are
to be Duriron, and piping of acid proof rubber hose. Pipe fittings
are to be of hard lead and valves of Duriron and lead-lined iron.
The plant piping system is to be so designed that either the series
(counter-current) system or the batch (unit) system can be used
in the percolation leaching. A pregnant solution of five percent cop-
per is to be obtained, and this will be stripped to one percent copper
by passing it through iron launders, baled scrap being used. A part
of the precipitation solution will be discarded, and completely stripped
of copper by passing through additional iron launders. The remaining
precipitation solution is to be pumped to the make-up tanks. All so-
lution storage tanks are to be of asphalt-coated firwood.

The cement copper is to be dried in a mechanical drier before
shipment to the smelter.

The experimental work and contemplated permanent plant have
been described in the following article:

Keyes, Harmon E., Development of a copper extraction process, E. &
M. J., Oct. 5th, 1929, pp. 545-547.

Power,-Power is purchased from the Arizona Power Company.
Transportation.-Cement copper is hauled to and supplies hauled

from Kirkland by truck.
LABOR

Sheldon Copper Company

Concentrator
Mine I· . 110
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Smelter 70
Lessees , '" 23

203
Bagdad Copper Company

Mine........................................ 35
Plant '" . 65

Hammon Copper Company
100

25

Total 328

PERSONNEL OF OPERATING COMPANIES

SHELDON COPPER COMPANY

General Superintendent .
Mine Superintendent .
Mill Foreman .
Chief Clerk .
Smelter Superintendent .
Chief Clerk .

S. W. French Walker
A. C. Nebccker Walker
McAdoo Walker
D. S. Windsor Walker
Percy Butler Walker
F. F. Hood .. " '" " Walker

BAGDAD COPPER CoMPANY

General Manager .
Assistant Manager .
Mill Superintendent .
Mine Superintendent .........•
Master Mechanic .
Chief Electrician .
Surveyor .
Accountant .
Diesel Engineer .
Physician and Surgeon .

George G. Thomas Hillside
Wm. Mueller Hillside
Chas. T. Baroch Hillside
J. W. Still Hillside
Ernest Degen Hillside
E. N. Evans Hillside
T. G. Bolitho Hillside
W. G. Chapman , Hillside
Martin Silset Hillside
A. Sinson Hillside

HAMMON COPPER COMPANY

Vice President and Gen. Mgr ..
Cons. Metallurgist .

Wm. J. Loring , Kirkland
E. L. Sweeney Kirkland

SANTA CRUZ COUNTY DEPOSITS

LOCATION AND GENERAL GEOLOGY

There are three important mineral-bearing mountain ranges in Santa
Cruz County: The Santa Rita Mountains, the Patagonia Mountains,
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and the Oro Blanco Mountains. The principal. center for this area is
the border town of Nogales. The chief mining centers are Patagonia,
Harshaw, and Ruby.

The Santa Rita and Patagonia mountains, forming one range sep-
arated by the valley of Sonoita Creek, are made up of a great variety
of geological formations. The oldest rock is a pre-Cambrian coarse
granite. This is overlain by erosion remnants of much metamorphosed
folded and faulted Paleozoic quartzites and limestones. Overlying
these older rocks with marked unconformity is a thick series of Cre-
taceous shales and sandstones with some thin limestone lenses. In-
trusive into the sedimentaries are several varieties of acid intrusive
rocks varying from quartz diorite to rhyolite porphyry in compo-
sition. These intrusives form a large part of the range. Overlying
all these is a variable covering, largely removed by erosion, of ex-
trusive rhyolites and andesites. The ore occurrences are widespread
and vary in type from veins, stockworks, limestone replacement de-
posits, and disseminated deposits in rhyolite porphyry.

In the Oro Blanco Mountains situated west of the Santa Cruz
River Valley, the oldest rocks are pre-Cambrian intrusive rocks. These
are overlain by red sandstones, conglomerates, and shales of prob-
able Cretaceous age, and the whole covered by a great thickness
of Tertiary lavas and effusives of the general composition of andesite.

The are occurs as veins, for the most part in the pre-Cambrian
complex, but there are also important veins cutting the Tertiary
extrusive rocks. No important copper deposits occur in this range.
The ore deposits will be described under another head.

COPPER MINING PROPERTIES
The principal operating copper properties are: The Three R, the

Morning Glory, and the Santo Nino mines. Other properties are be-
ing developed, the principal ones being those of the Santa Cruz
Mining Company and the Kino Copper Company.

THREE R MINE
Location.-This property is situated on the western flanks of the

Patagonia Mountains, four miles from the nearest rail point on the
Nogales-Fairbanks branch of the Southern Pacific Railroad.

Geology.-'-The ore bodies occur as vein-like shear zones in rhyolite
porphyry. The ore is all secondarily enriched and is composed of
disseminated chalcocite and pyrite in sericitized porphyry. No com-
mercial primary ore has been found.

Mine Development.-The property has been developed by two tun-
nels 200 feet apart vertically and a shaft sunk to a depth of 250 feet
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below the bottom or oDD-footlevel tunnel. The present work is all
being done above the lower tunnel level.

Mining Methods.-The higher grade ore, most of which has been
stoped out was extracted by shrinkage stope method, leaving pillars
at irregular intervals as protection. These old stopes now stand open.
The top, sides, and bottoms are now being mined by shrinking larger
pillars above the old open stopes, and letting the broken ore fill
them. When full, a continuation of regular shrinkage is contemplated.
to mine out a large tonnage of ore amenable to concentration. A new
ore body has been partly developed by diamond drilling.

Concentrator.-A l50-ton, all-flotation concentrator is under con-
struction just below the lower tunnel portal. The ore is to be crushed
in a Blake crusher, and the crushed product further reduced in a
Marcy ball mill run in closed circuit with a Dorr classifier. Grinding
to 65 mesh is contemplated. This product is to be treated in Forrester-
type flotation machines, and the concentrate thickened, and the thick-
ened pulp filtered through an Oliver filter. High grade concentrate
will be made. Water is' obtained by pumping through a 3%-mile
pipe line from the Sonoita River. The total lift is about 600 feet.

Power.-Power for mining and concentrating is to be obtained
either through purchase from the Nogales Power Company, or is to
be made by Diesels.

Production.-During the year 1929, about 3,000 tons of ore was
shipped as siliceous converter lining to a smelter in the State.

THE MORNING GLORY MINE

Location.- This property is located in the Patagonia Mountains,
about fourteen miles south of Patagonia.

Geology.-The ore occurs as a series of stockworks cutting Creta-
ceous shales and limestones. A part of the ore occurs as a replace-
ment of a limestone bed in the Cretaceous series. The ore minerals
aro pyrite, chalcopyrite, and bornite in a gangue of silicified shale.

Mine Development.-The mine is developed by a cross-cut tunnel,
interior vertical shaft, and by an older inclined shaft connecting with
the tunnel.

Concentrator.-A 100-ton concentrator, designed to be used as a
pilot plant for larger operations, was completed in the summer of
1929. The ore is crushed in a jaw crusher and then further reduced
in a ball mill run in closed circuit with a Dorr classifier. The fines
pass to a Forrester flotation machine of five cells, a final concentrate
being taken from the first cell and the middling re-treated. Lime is
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added to drop the pyrite. The concentrate is thickened in a Dorr
thickener and the thickened pulp filtered through an Oliver filter.

Power.-Power for the mill is generated at the mine in a Diesel en-
gine direct connected with a dynamo. Compressed air is made in a sep-
arate unit.

TranYportation.-Concentrate is hauled by truck a distance of
fourteen miles to a loading platform at Patagonia, and supplies
hauled back by the same means.

SANTO NINO MINE

Location.- This property is situated in the Patagonia Mountains.
about nineteen miles south of Patagonia, and five miles north of the
Cananea-Nogales branch of the Sud Pacifico de Mexico at Zorilla,
the nearest point.

Geology.-The ore occurs as vein-like replacements of quartz mon-
zonite. The ore minerals are chalcopyrite and pyrite in a gangue of
remarkably unaltered monzonite. Associated with the copper de-
posits are pockets of high grade molybdenite.

Mine Development.- The mine has been developed by a cross-
cut tunnel connected with the upper levels by steeply inclined raises.
Considerable development is also being done by diamond drilling.

Transportation.- The ore is of sufficiently high grade to stand ship-
ment to the smelters direct. It is loaded from the bins into two-ton
trucks and hauled to Patagonia, from where it is shipped to the
Copper Queen Smelter at Douglas, as siliceous ore.

Power.-Power for all operations is generated by Diesel engines
at the tunnel portal.

Labor.-Mexican labor is employed to a great extent with American
supervision.

MISCELLANEOUS PROPERTIES

During the year, development work was prosecuted by several com-
panies, the principal ones being:

The Kino Copper Company, one of whose holdings, the Guajalote
Mine was developed by diamond drilling, and the Santa Cruz Mining
Company, which started developing its holdings by a cross-cut tunnel.
In addition to these two properties small shipments of ore were made
from a number of others.

LABOR

Three R Mine 25 men
Santo Nino Mine 50 men
Morning Glory Mine 50 men
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Santa Cruz Mine 5 men
Miscellaneous copper properties 20 men

Total " " 150 men

PERSONNEL OF OPERATING COMPANIES
THREE R MINE

Manager Geo. S. Hulings Patagonia
General Superintendent. . P. J. Stacey Patagonia

SoUTHERN CoPPER MI""ING COMPANY

(SANTO NINO MINE)
Superintendent Glenn Anderson Patagonia

MORNING GWRY MINING AND SMELTING COMPANY

.Manager H. A. Hamilton Patagonia

SANTA CRUZ MINING COMPANY

.Manager H. A. Hamilton Patagonia

KINO COPPER COMPANY

Manager Allen T. Bird Nogales

EASTERN PIMA COUNTY DEPOSITS

In eastern Pima County, tributary to Tucson, there are copper
deposits found in numerous isolated mountain ranges. 'Those in
which ore is being shipped or development work done are the follow-
ing: Silverbell Mountains, Sierrita Mountains, Santa Rita Mountains,
Catalina Mountains, Tucson Mountains, Sheridan Hills, and Slate
Mountains.

SILVERBELL MOUNTAINS DEPOSITS

This range, 35 miles northwest of Tucson, is made up of much
metamorphosed Paleozoic sediments, chiefly limestones, intruded by
acid porphyry stocks. The ore occurs both as contact metamorphic
deposits in the limestone, associated with abundant garnet and other
'contact minerals, and as disseminated deposits in the intrusives. The
better grade limestone ores have been largely mined out.

The principal producing mines are the Imperial and EI Tiro mines
owned by the American Smelting and Refining Company. This
company is mining about eighty tons a day of siliceous oxidized
ore and chalcocite, occuring as irregular bodies in a shear zone in
altered monzonite. The deposits are developed by tunnels and shafts.
Overhead square-set' mining methods '\are employed. The ore ill
shipped to Hayden as converter flux. The company operates a twenty-
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mile, broad-gauge railroad connecting the mine with the Southern
Pacific main line at Red Rock.

SIERRITA MOUNTAINS DEPOSITS

The Sierrita Mountains are about twenty miles southwest of Tucson.
This range is made up of a core of pre-Cambrian granite flanked with
Paleozoic and Cretaceous sediments, intruded by a large granite
mass. The ore deposits occur for the most part as contact metamorphic
deposits in Paleozoic limestones associated with much garnet, magne-
tite, wollastonite, and other contact minerals.

The principal operating mines are the Twin Buttes mines, owned
by the Buttes Mining Company. The property is developed by several
shafts from which a considerable tonnage has been produced in past.
years of both oxidized and sulphide ore. The present company is
operating the old Minnie shaft, sunk on the incline about 500 feet
deep. In this mine, a large pyritic replacement body has been de-
veloped, containing high grade cores largely mined out. The present
company is blocking out a large tonnage of low grade concentrating
ore surrounding the olden filled, square-set stopes. The ore consists
of chalcopyrite associated with pyrite, phyrhotite, wollastonite, and
quartz. A concentrator to treat this ore is contemplated. The com-
pany owns a nine-mile broad-gauge railroad connecting the mine
with the Nogales branch of the Southern Pacific Railroad at Sahuarita.
During the year 1929 about 700 tons a month of siliceous ore was
shipped to Hayden and other smelters. Power is generated by Diesels.

SANTA RITA MOUNTAINS DEPOSITS

The northern part of the Santa Rita Mountains, southeast of Tuc-
. son, is made up of a cote of pre-Cambrian granite, overlain by much
faulted Paleozoic sediments mostly limestones, covered in turn by
Cretaceous sandstones and shales. The whole complex has been in-
truded by granite. The ore bodies occur as replacement deposits in
the Paleozoic limestones in close association with the granite intru-
sions. The principal mining settlements are Helvetia and Rosemont
and the nearest rail point, Vail on the Southern Pacific main line.

CATALINA MOUNTAINS DEPOSITS

This range, northeast of Tucson, is made up of a core of pre-Cam-
brian gneiss overlain by Paleozoic sediments, the top member of which
is limestone. The whole area has been intruded by granite and diorite.
The ore occurs as contact metamorphic deposits in limestone at and
near a large intrusion of diorite.

The deposits are about sixty miles from the nearest railroad point
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at Tucson. Development work on irregular replacement deposits close
to the diorite contact, is being done by C. L. Oram and associates, and
small shipments were made during the year.

TUCSON MOUNTAINS DEPOSITS

In this range to the west of Tucson, much faulted and folded Paleo-
zoic and Cretaceous sediments outcrop on the western flanks of the
range, covered to the east by a thick series of eruptive rocks, chiefly
andesite and rhyolite. The sediments and volcanics have been
intruded by acid dike rocks and the ore bodies occur as replacements
and veins in the sediments associated with the dike rocks.

The principal operating company is the Mile Wide which is de-
veloping an area of altered sedimentary rocks by diamond drilling.
Some work was also done by this company from a 300-foot shaft.

SHERIDAN HILLS DEPOSITS

The Sheridan Hills, an outlier of the Cimmarron Mountains, are
just south of the Pima-Pinal County line, about forty miles south
of Casa Grande, the nearest rail point. The copper deposits occur
as veins carrying chrysocolla and chalcocite cutting a grandodiorite-
aplite-andesite complex. The principal work has been done by the
Montizona Copper Company. Five veins have been developed
to a considerable depth by shafts, tunnels, and diamond drilling.
No ore was shipped in 1929.

SLATE MOUNTAINS DEPOSITS

This range is just north of the Pima County line, in Pinal County,
but is here considered as part of the general area tributary to Tucson.
It is about thirty miles south of Casa Grande. The range is made
up of a core of pre-Cambrian schist, covered at the northwestern end
by Paleozoic limestone, and intruded to the south and southwest
by andesite porphyry. The principal copper deposit from which small
shipments were made in 1929, is the Lake Shore Mine. This deposit
consisting of chrysocolla, copper carbonate, and chalcocite occurs
as a replacement of andesite. A considerable tonnage has been de-
veloped by shafts and tunnels.

LABOR

Men employed
A. S. and R. Co., Silverbell Unit 80
Buttes Mining Co.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10
Santa Rita Mountains 10
Catalina Mountains 5
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Tucson Mountains 5
Montizona Copper Co " 25
Lake Shore Mine 10

Total 145

PERSONNEL or OPERATING COMPANIES

AMERICAN SMELTING AND REFINING COMPANY
SILVERB~~Ll, UNIT

Manager Julius Kruttschnitt, Jr Tucson
Superintendent Albert 'Kohler Silverbell

BUTTES MINING CoMP.~!'IY

Manager Wm. Foy Twin Buttes
Superintendent Ed. Foy Twin Buttes
Cons. Engineer " Geo. A. Kennedy Twin Buttes

MONTIZONA COPPF..R COMPANY

Superintendent E. A. Pike Casa Grande
LAKE SnORE MINE

Superintendent Frank M. Leonard, Jr. Casa Grande

YUMA COUNTY DEPOSITS
LOCATION AND GENERAL GEOLOGY

The more important copper deposits of Yuma County are situated
in the northern part of the county in two mountain ranges, the Buck-
skin Mountains and the Harcuvar Mountains.

The deposits in the Buckskin Mountains were among the earliest
to be exploited in the State. The ore deposits occur as replacements
of marmorized limestone. The limsetone beds occur as occasional
erosion remnants overlying pre-Cambrian schists, gneisses, and dia-
base. The ore outcrops as oxides and carbonates of copper in a
specular iron gangue. In depth it grades into chalcopyrite and pyrite
associated with specular iron.

The Harcuvar Mountains are formed almost entirely of pre-Cam-
brain gneiss, schist, and granite, cut by small dikes of diabase. The
ore occurs in veins cutting the pre-Cambrian complex. In some of
them, an apparent relation seems to exist with the diabase dikes.
The ore outcrops as rich oxidized ore in a siliceous gangue, but grades
at shallow depths into chalcopyrite and tetrahedrite.

MINING PROPERTIES
The principal operating companies arc the American Smelting and

Refining Company, Swansea Unit, and the Wenden Copper Mining
Company.
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AMERICAN SMELTING AND REFINING COMPANY
. SWANSEA UNIT

Location and General Geology.-The mine is located at the town
of Swansea in the Buckskin Mountains, about three miles south of
the Bill Williams River. The property is connected by a twenty-
mile standard-gauge railroad with Bouse on the Santa Fe Short Line.
The ore occurs as a replacement of marble overlying diabase. The
ore at the outcrop consists of oxidized copper minerals associated with
hematite. At depth it makes into chalcopyrite arid pyrite associated
with specularite. .

Mine Development.-The ore deposits have been developed by a
number of inclined shafts and one 600-foot, three-compartment verti-
cal shaft. The principal working shaft is the vertical shaft equipped
with cages run in counterbalance. The shaft is equipped with an electric

. hoist. The principal working level is the 300-foot level. A 300-foot
incline shaft is used as manway, supply way, and for ventilation.

Mining Methods.-The ground is heavy, and the square-set and
fill method is used.

Concentrator.-A 250-ton, all-flotation concentrator is under con-
struction to make a bulk chalcopyrite concentrate.

Water Supply.-Water is pumped 3% miles from an electric pump-
ing plant on the Bill Williams River.

Power.-Electric power is generated by a 1,000-h.p. steam turbine-
generator set.

WENDEN COPPER MINING COMPANY

Location.- This property is located on the northern slopes of the
Harcuvar Mountains, near Cunningham Pass. The nearest shipping
point is Wenden on the Santa Fe Short Line Railroad, twelve miles
south of the mine.

Geology.- The ore occurs as pockets in a wide vein stockwork cutting
pre-Cambrian gneiss. The values are in chalcopyrite carrying appre-
ciable gold.

Mine Development.-The property is opened by a 1,000-foot ver-
tical shaft with lateral work on the 650 and I,OOO-footlevels.
Power.-Power is generated by a Diesel engine.

LABOR
Men

A. S. & R. Co., Swansea Unit 80
Wenden Copper Mining Co " " 25

Total .' 105
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PERSONNEL OF OPERATING COMPANIES
AMERICAN SMELTING AND REFINING COMPANY

SWANSEA UNIT

Manager Julius Kruttschnitt, Jr Tucson
General Superintendent E. C. Lane Swansea
Mill Superintendent Homer Donaldson Swansea

WENDEN COPPER MINING COMPANY

Manager Ned Creighton Phoenix
Superintendent............... W. A. Buchanan Wenden

MISCELLANEOUS DEPOSITS

Under this head are listed those deposits in outlying districts on
which work was done during 1929.

Courtland-Gleeson District.-In these two adjoining districts at
the southeast end of the Dragoon Mountains in Cochise County, the
principal work was done at' the Tejon Mine in Gleeson and at the
Great Western, Leadville, and Germania mines. at Courtland. At
the Tejon Mine, work was done looking for extensions of ore, but was
discontinued in the fall. At the three Courtland properties, lessees
operated during the year shipping a small tonnage of ore to the

'smelters at Douglas.
Dos Cabezas Districi.-At this district in the Dos Cabezas Moun-

tains in Cochise County, the Central Copper Company did a consid-
erable amount of diamond-drill work. No production was made.

Copper Creek District.-In this district in the Galiuro Mountains,
east of the San Pedro River, in Pinal County, one property was active
during the year: The Copper Giant, where a leasing company re-
conditioned an old shaft in which a considerable tonnage of low
grade ore had been blocked out in the past by the owners, the Calu-
met and Arizona Mining Company. A small tonnage of ore was
shipped during the year.

Bentley District.-In this district in Mohave County, north of the
Colorado River, a little rich ore was shipped from the Grand Gulch
and Savanic mines, the ore being hauled to St. Thomas, Nevada, for
shipment to a Utah smelter.

Ryan DiS'trict.-In this district near Kanab, Utah, north of the
Colorado River in Coconino County, a little development work was
done on the Ryan Mine. No shipments were made. The property is
extremely inaccessible.

Cochise District.-In this district, in the Little Dragoon Moun-
tains, north of Dragoon Station, in Cochise County, the Johnson
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Copper Development Company, the Mason Copper Company and
the Keystone Copper Mining Comany were active during the year,
developing. Some ore was shipped by the Mason Copper Company.

Camp Creek, Maricopa County.-In this district, lessees operated
the Red Rover Mine and shipped a small tonnage of high grade copper-
silver ore.

Camp Creek, Yavapai County.-In this district south of Camp
Verde the Squaw Peak Copper Mining Company carried on develop-
ment work during the year. No shipments were made.

Bouse District.-In this district in northern Yuma County, south-
west of Bouse, the Little Butte Amalgamated Mines Company did
some work on the Little Butte Mine.

COPPER MINING SUMMARY

During the year 1929, the total copper production of the State
was approximately 833,525,OOQ pounds', the greatest yearly production
ever made. The source of the production was as follows:

2,252,307

11,272,817

2,754,083

Pounds copper
produced

206,558,330

189,212,123

188,217,171

District

Jerome .

Globe-Miami .

Bisbee .

Ray-Christmas l
Morenci J
Ajo .

Superior .

Tons mined

5,472,877 127,204,613

3,578,335

269,579

70,033,261

36,550,000

15,749,502Miscellaneous-

Total 833,525,000

lU. S. Dept. of Commerce, Bureau of Mines advance figures, Feb., 1930.
2Includes: Santa Cruz County, northern Yuma County, eastern Pima

County, Bradshaw Mountains, and Miscellaneous.
The total number of men employed in 1929 was about 20,000. Assuming

a dependent population of three to each worker, including families and busi-
ness men, the total population directly dependent on copper mining was
approximately 80,000.
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LEAD MINING
Under this heading is included those mines producing ores whose

predominant value is lead. Those whose ores contain other recover-
able metals, especially zinc, will be reviewed under another head.

MINING PROPERTIES

The principal producing companies in 1929 were: The '79 Lead-
Copper Company; the Tonopah-Belmont Development Company; the
Phelps Dodge Corporation, Copper Queen Branch; the Southwestern
Exploration (Trench Mine) ; and the Bunker Hill Mines, Incorporated
(Tombstone) .

'79 LEAD-COPPER COMPANY

Location and General Geology.-The '79 Mine is located on the
southwest slope of the Dripping Spring Mountains, four miles north
of Hayden Junction, the nearest railroad point on the Hayden branch
of the Southern Pacific Railroad. The ore occurs as a replacement
of Paleozoic limestone close to its contacts with acid porphyry dikes.
The ore minerals are the oxidized lead minerals, cerussite and angle-
site with occasional cores of galena. Accompanying the lead minerals
is some copper in the form of malachite, azurite, and glance. Con-
siderable silver accompanies both the lead and copper. The gangue
minerals are limonite, calcite, and jaspery quartz. The dip of the
limestone is about twenty degrees to the southeast and the replace-
ment occurs in a northeast fracture zone cutting across the bedding.
On one side of the ore zone, primary galena-zinc blende-pyrite

~ occurs. Some garnet is found at the limestone porphyry contacts, and
the limestone is intensely sericitized and serpentinized below the ore.

Mining Methods.-The mine is opened by a lljz-compartment shaft
equipped with a skip, sunk at one end of the ore zone, to a depth of
500 feet. on the incline, with lateral work on the first, second, third,
fourth, fifth, and sixth levels. The ore is mined by overhead square-
setting and fill, eight by eight-inch timbers being used. Sections
about six sets wide are taken, leaving pillars of six sets between sections.
The thickness of the replaced beds averages about fifty feet or between
six and seven sets. Waste is obtained by driving raises above the
ore, and from prospecting and preparatory work.

Ore and Material Handling.-The ore is hoisted in the skip, dumped
into a wooden bin at the collar of the shaft, and transported to the
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railroad by trucks. It is shipped to the Copper Queen smelter at
Douglas for treatment. Materials are hauled by truck, and mine
timbers and supplies lowered in the skip. Men enter the mine through
a tunnel and connecting raises.

Power.-Compressed air is generated at the mine by a Diesel
engine direct connected with a compressor. The hoist is operated
by gasoline.

Labor.-The mine employs ninety men underground and on the
surface.
1929 Production.-Production commenced April 1, 1929, and the total
for the nine months was as follows:

Tons mined
13,088

Pounds
lead

5,685,843

Pounds
copper
296,273

Ounces
gold

602.75

Ounces
silver
71,569·

The average grade mined was 21.72 percent lead, 1.13 percent
copper, 0.046 ounces gold, 5.468 ounces silver.

PERSONNEL OF COMPANY

Manager D. C. Peacock Hayden Junction
Superintendent. . .. .. L. T. McElvany .. Hayden Junction
Mine Foreman L. S. Hovestadt .. Hayden Junction

PHELPS DODGE CORPORATION, COPPER QUEEN BRA.NCH

This company continues. to mine a small tonnage of direct shipping
lead ore from 'its mines in Bisbee. The lead concentrator was
closed in 1928, after a short run. The greater bulk of the ore is mined
on company and lease account from the Southwest Mine.

Smelter.-No changes of note have been made at the smelter at
Douglas.

TONAPAH-BELMONT DEVELOPMENT COMPANY

Location and General Geology.-The mine operated by this com-
pany is situated in the Big Horn Mountains in Maricopa County, 28
miles southwest of Wickenburg and an equal distance north of Has-
sayampa on the Southern Pacific main line. The Big Horn Moun-
tains are made up of a core of pre-Cambrian schist covered by thick '
flows of andesite and rhyolite, and the whole intruded by rhyolite
dikes. The ore occurs as shoots in a steeply inclined vein cutting
rhyolite, in close association with a rhyolite intrusive plug. The mine
is developed by a 500-foot shaft with levels at 100, 250, 400, and 500
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feet. The ore is hoisted to the lOO-foot tunnel level. Shrinkage stoping
methods are employed. The mining is much complicated by post
ore faulting. About fifty tons or ore are produced a day.

Concentrator.-No changes have been introduced in the concen-
trator since the publication of the first edition of The Mineral In-
dustries of Arizona.

Power.--Power is generated by an Ingersoll-Rand 440-h. p. Diesel
engine direct connected with a 375-kv.-a., G. E. generator furnishing
electrical power for the operation of compressor, hoist, and concen-
trator.

Water Supply.-Water for camp and concentrator is obtained from
a well six miles south of the mine, 600 feet deep, and 1,000 feet lower
than the mine. The pump is run by a fifty-h. p. Diesel engine.

Transportation.--Concentrates and supplies are hauled on contract
by trucks from Hassayampa. Concentrates are shipped to El Paso.

Labor.-About fifty men are employed at the mine and concentrator.

PERSONNEL OF COMPANY

Superintendent . . . . . . . . John L. Dynan Palo Verde
Mine Foreman....... J. F. Bingaman Palo Verde
Master Mechanic and

Mill Superintendent. . .. .J.. C. Thomson. " . " .. Palo Verde
Purchasing Agent , , " F. G. Henckel! Palo Verde

SOUTHWESTERN EXPLORATION COlVfPANY

Location and General Geology.-This company operates the Trench
Mine situated in the Patagonia Mountains, about twelve miles south
of the town of Patagonia. The ore occurs as shoots in well defined veins
cutting quartz diorite. The ore minerals are galena, pyrite, and sub-
ordinate zinc blende. The ore carries appreciable amounts of silver
and gold.

Mine Development.--The mine is opened by a 500-foot vertical
shaft with lateral work on the 500-foot level.

Concentrator.-The company controls the World's Fair Mine, a
neighboring property, and operates the World's Fair mill on Trench
Mine feed.

Power.-Electric power is purchased from the Nogales Power Com-
pany.

BUNKER HILL MINES, INCORPORATED

Location and General Geology.-This company, a subsidiary of
Phelps Dodge Corporation, owns the principal holdings in the old bo-
nanza camp of Tombstone. The ore occurs as shoots in veins cutting
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Cretaceus shales and sandstones, and as saddle vems in Paleozoic
limestones.

Mining.-All ore is mined on lease account, and a large percentage
is won from the treatment of old mine dumps by crude sorting and
sizing methods. Two products are shipped, lead-silver ore, sent to
the lead smelters at Douglas and EI Paso; and siliceous copper-silver-
gold ore shipped to Douglas as converter flux.

PERSONNEL OF COMPANY

Superintendent F. H. Soderstrom

MISCELLANEOUS DEPOSITS

During the year 1929, work was done on a number of widely-scat-
tered properties. The principal ones were the following:

Ray Silver-Lead Mine.-This property to the east of Ray in the
"Southwest slopes of the Dripping Spring Mountains was worked during
the year and ore shipped to the Copper Queen smelter at Douglas.
The ore occurs as a replacement of Paleozoic limestone near the con-
tact of a porphyry dike.

Castle Dome.-At this old camp in Yuma County about 45 miles
north of the city of Yuma, several properties were developed, and
some carefully sorted ore was shipped. At one property, the ore was
screened and the screenings concentrated on a Stebbins-type dry con-
centrator.

Bradshow AIountains.-In this range work was done during the
year on the Breslin Mine near Cleator by the Gold Crown Silver
Mining Company; on the Saratoga Mine at Crown King by the Crown
King Mining and Reduction Company; and on the Storm Cloud and
adjoining properties. A little lead was also produced at the Sheldon
Mine at Walker.

Sierrita 1\1£ ountains.- Two lead properties were active in this range
south of Tucson during 1929: The Shafer Mines Corporation and the
Rossconia Mining Company. At the Shafer property on the western
slopes of the range considerable work was done from an open cut,
on a limestone replacement deposit of oxidized lead ore, and a little
ore was shipped. At the Rossconia Mine on the eastern slopes near
the settlement of Twin Buttes a strong vein in Cretaceous sandstone
was developed. Work was done through a steeply inclined shaft.
No shipments were made. The ore consists of galena, pyrite, and
chalcopyrite in a siliceous gangue. A concentrator is contemplated.
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Mystery Mine.-On this property in Gleeson, Cochise County, a
few shipments of oxidized lead ore were made during the year.

Big Jim Mines, Incorporated.-At this property in the Patagonia
Mountains development was prosecuted part of the year, and a small
flotation concentrator operated for a short period.

The Mary E. Mine.-This property, near Cerro Colorado in Pima
County, was operated during 1929 and shipments of lead-silver ore
were made through the Tucson Chamber of Mines.

The Blue Bird Mine.-This mine, in Copper Creek in Pinal County,
was actively developed by the Fields Mining Corporation. Shipments
of high grade ore were made during the year.
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COMPLEX ORE DEPOSITS
Considerable activity in mining and developing this class of de-

posits exists in the State. Only one property actively shipped con-
centrates, but several others have developed large tonnages, and pro-
duction of lead and zinc concentrates should show a marked increase
in the near future.

ORO BLANCO DISTRICT

The location and general geology of the district have been briefly
summarized under Santa Cruz County Deposits under the heading
of Copper Mining. The only noteworthy producer is the Montana
Mine operated by the Eagle Picher Lead Company.

Mine Development.-The mine is developed by a vertical shaft
728 feet deep with levels at 100, 200, 300, 400, 525, and 678 feet.
Active stoping is being done above the 400-foot level. The ore occurs
as a shoot in a vein in diorite dipping about 45 degrees. The shaft
starts in the hanging wall and cuts the vein near the 300-foot level.
The vein has been partly developed to a depth of 1,200 feet by dia-
mond drilling.

Mining.-The ore body as developed on the 400-foot level is from
twenty to fifty feet wide and over 700 feet long. Two methods of
mining are employed, overhead square-setting and fill, and horizontal
timbered rill stoping in panels leaving pillars between panels. Tim-
bering in the rill stopes is by stulls and "umbrella" head boards.
Entrance to the stopes is by way of cribbed raises through the fill.
Fill is obtained from waste raises run into the hanging wall.

Ore Handling.-The ore is hand trammed to the shaft and dumped
into pockets, from there loaded into skips, slung underneath the cages,
and hoisted in counterbalance.

Concentrator.-At the concentrator, which treats 300 tons a day,
the only changes effected since the publication of the first edition
of The Mineral Industries of Arizona have been the discontinuance
of tabling, the addition of a conditioner between the lead and zinc
flotation cells, and the addition of a Dorr classifier run in closed
circuit with the secondary ball mill. Ratios of concentration are
about twelve for lead and eight for zinc. Forty gallons of new water
are used a day. The lead and zinc are about in equal proportions.
Most of the silver accompanies the copper which occurs as tetrahe-
drite. Grinding to 200 mesh is necessary to liberate the tetrahedrite
from the blende. Concentrates are shipped to EI Paso and Amarillo,
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Transportation.- The concentrates are hauled to Amado on the
Nogales branch of the Southern Pacific Railroad, a distance of 41
miles, in large trucks and trailers, and supplies enter on the return
trips. Hauling is done on contract.

Wat~r Supply.-Water for camp use is obtained from nearby wells.
Water for the concentrator is obtained partly from rain run-off im-
pounded in a large reservoir by means of a dam across the creek, and
is partly pumped through a twelve-mile pipe line from the Santa
Cruz river, with a lift of over 1,000 feet.

Power.-Power is generated by a series of Diesel engines direct
connected with the compressor and concentrator line shafts.

Labor.-About 125 men aro employed in the mine and 25 in the
concentrator. The personnel of the Eagle Picher Lead Company,
Montana Mine, is as follows:

Manager .
Mine Superintendent .
Mill Superintendent .
Mine Engineer .
Chief Geologist .
Master Mechanic .
Chief Chemist .

E. D. Morton , .. , .. Ruby
J. R. McLane Ruby
D. E. Andrus Tucson
W. Pfrimmer Ruby
F. H. Lerchen , " Ruby
J. R. Hutchinson Ruby
F. E. Gregory Ruby

CERBAT MOUNTAINS DISTRICT

Since the publication of Bulletin No. 125, very considerable devel-
opmenthas taken place.

MINING PROPERTIES

The principal complex ore deposits developing or equipping for
production are: The Monarch Lead Company and the Old Colony
Mines Comany.

Monarch Lead Company.-This property owns the adjoining Ten-
nessee and Schuylkil Mines in the town of Chloride. The property
is developed by a 1,400-foot vertical shaft on the Tennessee and by
a 900-foot steeply inclined shaft on the Schuylkill with connecting
drifts on the 900-foot and 1,400-foot levels. The ore occurs as large
ore shoots in a steeply inclined vein cutting pre-Cambrian schist.
Associated with the ore is a dike of acid porphyry. The ore consists
of argentiferous galena, zinc blende, and pyrite in a siliceous gangue.
The vein varies in thickness and averages about 31f2 feet. The tim-
bered rill method is employed, as the ground is heavy. All ore is
hoisted in cages through the Tennessee shaft.
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During the year 1929, a 150-ton concentrator was completed to
produce a lead and a zinc concentrate.

No .ore was shipped during the year, work being confined to re-
conditioning the mine, and constructing the concentrator.

The mine employs 25 men underground, on the surface, 'and at
the concentrator.

The personnel of the company is as follows:
Manager M. J. Keily Chloride
General Superintendent , '" E. T. Lyons Chloride

Old Colony Mines Company.-This company actively developed
during part of the year 1929 their extensive holdings at, Stockton Hill,
northeast of Kingman. The work was confined to deep development
by tunnels and connecting raises, of a vein system cutting pre-Cam-
brian schist. The ore occurs as argentiferous and auriferous galena,
zinc blende, and subordinate pyrite and chalcopyrite in a siliceous
gangue. Several parallel veins were developed. The average thick-
ness of ore in the ore shoots in these veins is about three feet. De-
velopment contemplates extraction through a lower tunnel connected
with the upper workings by raises.

A lOO-ton concentrator is planned, to be erected near the mouth
of the extraction tunnel, to make a lead and zinc concentrate by
selective flotation, with a probable ratio of four to one. Crushing is
to be done by jaw crusher followed by rolls. Grinding is to be in a
ball mill, and flotation in a twelve-cell M. S. sub A machine.

Electric power for the concentrator is to be purchased from the
Kingman custom plant.

Compressed air is made in a compressor direct connected with three
semi-Diesel engines.

Water for camp use is obtained from a well on the property, and
metallurgical water is to be obtained from the mine.

While working, the mine employed 48 men.
The personnel included a general superintendent, mine engineer, and

accountant.
General Superintendent. " Will Halloran Kingman
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GOLD AND SILVER MINING
Gold and silver mining is conducted in a number of districts ir

the State, the principal centers being the River Range in Mohave
County, and the Wickenburg-Congress district of southern Yavapai
and northern Maricopa counties.

OATMAN DISTRICT

LOCATION

The River Range of Mohave County, with the town of Oatman
as the principal mining center, is situated to the east of the Colorado
River, from Boulder Canyon at the north to Topock at the south.

MINING PROPERTIES

The principal mining companies active during 1929 were: The Tom
Reed Gold Mining Company, the Gold Road Mining Company, the
United American Mining Company. the Oatman Eastern Gold Mines
Company, the Imperial Mining Company, and the Vivian Mine, all at
Oatman; the Katherine Treasure Vault, Pilgrim Mine, and the South
Pilgrim Mining Company at Pilgrim; and the Katherine Gold Mining
Company at Katherine.

TOM REED GOLD MINING COMPANY

lvfining.-Work was done during 1929 from two openings. Lessees
operated the Ben Harrison shaft, and development work and some
stoping was done on company account from the Black Eagle shaft.
At the latter, work was done blocking out the Aztec vein from a.
winze sunk from the 800-foot level. After developing to the 950-foot
level a large station pump was installed on the 800-foot level, and
the work of sinking the shaft, to the 1,5OO-footlevel was started.

Ore Trans'portation.-Ore from the Ben Harrison is hoisted and
dumped direct into the mill bin. Ore from the Black Eagle is trans-
ferred from the shaft to the mill bin over a 4,OOO-footaerial tramway.

Milling.-The cyanide plant described in the first edition of The
Mineral Industries of Arizona, has not been materially modified.
It was idle during most of the year pending developments at the
Black Eagle and was started towards the end of the year to treat
lessees' ore, old tailing, Black Eagle ore, and miscellaneous custom
ore. About 100 tons is handled in 24 hours.

GOLD ROAD MINING COMPANY

Mining.-Preparations were made to stope ore developed III the
No.1 shaft, and other openings.
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Milling.-Remodeling and rebuilding of a cyanide plant to treat 200
tons a day was completed at the end of the year. The plant is to
treat a mixture of old tailing and new. ore.

THE UNITED AMERICAN MINING COMPANY

Mining.--Work was started towards the end of the year to deepen
the shaft from the 800 to the 1,000-foot level and to make connec-
tions at that level with the 950-foot Black Eagle (Tom Reed)
Workings.

THE OAT~IAN EASTERN GOLD MINES COMPANY

Mining.-This company is prospecting a series of veins adjacent
to the Black Eagle-Aztec workings of the Tom Reed Company. The
No. 1 shaft of the Telluride Company is leased, and a crosscut on the
500-foot level is being driven.

MISCELLANEOUS DEVELOPMENT

Work was done at Oatman at the following properties during 1929:
The lmperial Mining Company and lessees at the Vivian Mine.

KATHERINE TREASURE VAULT PILGRIM MINE

Location.- This property is on the east slope of the River Range,
about six miles west of Chloride.

2IIining.- The Pilgrim is an old property and has been slowly de-
veloped for many years. A large ore shoot of medium-grade gold ore
was developed through a shaft 350 feet deep. During the summer
of 1929 a pocket of high grade ore was developed on the 230-foot
level, and this was followed down to the 350-foot level during the
year.

Milling.-A fifty-ton cyanide plant is installed but was not operated.
Development.-Towards the end of 1929 the South Pilgrim Mining

Company started developing ground to the south of the Katherine
Treasure Vault Pilgrim ground.

KATHERINE GOLD MINING COMPANY

This company operated the Katherine Mine and mill for a part of
the year, and closed down due to exhaustion of ore,

LABOR
Average number
of men employed

Tom Reed Gold Mining Company. . . . . . . . . . . . . . . . .. 50
Gold Road Mining Company 25
United American Mining Company 10
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Oatman Eastern Gold Mines Company 10
Imperial Mining Company 5
Vivian Mine . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. 10
Katherine Treasure Vault Pilgrim Mine 30
South Pilgrim Mining Company 10
Katherine Gold Mining Company 50

Total 200

PERSONNEL OF OPERATING COMPANIES
TOM REED GOLD MINING COMPANY

Manager Oscar R. Howard Oatman
Assistant Manager. . . . . . . . . . .. Victor A. Light Oatman
Superintendent Chas. Waters Oatman

GOLD ROAD MINING COMPANY

Manager .
Superintendent .

F. H. Milne Oatman
Frank J. Onetto , Oatman

UNITED AMERICAN MINING COMPANY

Manager W. H. Ridenour Kingman

OATMAN EASTERN GOLD MINES COMPANY

Manager .
Superintendent .

J .. J. Moss Kingman
Wm. Tiercey Oatman

IMPERIAL MINING COMPANY

. Manager Geo. W. Long Oatman

KATHERINE TREASURE VAULT GOLD, INC.
(PILGRIM MINE)

Manager M. B. Dudley Kingman
Superintendent M. C. Richardson Chloride

WICKENBURG-CONGRESS DISTRICT

MINING PROPERTIES

In this district, the principal operating company in 1929 was the
Arizona Eastern Gold Mines Company operating the Octave Mine
at Octave, southeast of Congress Junction. Other properties active
during the year were the Vulture Mine and the Congress Mine.

ARIZONA EASTERN GOLD MINES COMPANY
Mining.-This mine is opened up by an incline shaft on the vein.

Ore was mined during the year from the 800 and 950-foot levels, and
treated at the concentrator.
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Concentrator.-A fifty-ton flotation concentrator is installed making
a pyritic concentrate and a lead concentrate, both carrying high gold
and silver values. Ore was treated to the end of September when the
concentrator was closed.

VULTURE MINE

At this mine work was confined to prospecting by diamond drill.
No production was made.

CONGRESS MINE

A 400-ton cyanide plant was under construction during the year
to treat the tailing pile from former operations.

LABOR
Average number

men employed
Arizona Eastern Gold Mining Mining Co.. . . . . . . . . .. 25
Vulture Mine , , " 5
Congress Mine 5

Total 35

PERSONNEL OF OPERATING COMPANIES

ARIZONA EASTERN GOLD MINING COMPANY

Manager .
General Superintendent .
Mill Superintendent .

J. S. Coupal Octave
M. E. Pratt Octave
Carl G. Barth, Jr Octave

VULTURE MINING AND Mn.UNG COMPANY

Manager Daniel R. Finlayson .. Wickenburg

SOUTHWEST METAL EXTRACTION CORPORATION
(CONGRESS TAILING TREATMENT PLANT)

Manager Joe Klien Congress Junction

MISCELLANEOUS PROPERTIES

Gold and silver were mined and developed at the following isolated
properties:

Reymert Mine.-At this property, near Superior in Pinal County,
lessees operated during 1929 from various openings on the Reymert
vein and shipped about 1,800 tons of lime-bearing silver ore to the
Magma Smelter at Superior.

Maricopa Mining Company.-This company actively developed the
Jack White Mine in the Winifred district north of Phoenix. No pro-
duction was mnde.



MINERAL INDUSTRIES OF ARIZONA 87

Commonwealth Mining and Milling Company.-Steady shipments
of siliceous gold and silver ore were made from this mine at Pearce,
Cochise County, to a smelter at Douglas. Mining was done by lessees.

Bunker Hill Mines Company.-A small tonnage of siliceous gold-
silver ore was shipped by lessees to the Copper Queen Reduction
works at Douglas.

Lion Hill Mine.-At this mine, north of Parker, in Yuma County,
a rich gold-copper deposit in limestone was developed, and a little
ore shipped.

Bradshaw M ountains.-During 1929, the Midnight Test Mine was
actively developed, and a little rich ore shipped. Work was done on
the old Tip Top silver mine west of Canon, and equipment was placed
on the Lynx Creek placer deposits.

Silver Reef Mine.-Development work was done on this old silver
mine, south of Casa Grande in Pinal County. No production was
made.

Teviston District.-lntermittent work was done on several proper-
ties in this district in the northwest end of the Dos Cabezas Moun-
tains during 1929.

Chemehuevis Mountains.-Considerable development work was
. done on a series of gold-bearing gold veins in this range in Mohave
County southwest of Yucca, and promising developments were reported.

Clifton District.-Some placer mining was done on the Francisco
River north of Clifton in Greenlee County.

Ibex Mines.-This company operated a saddle vein type of deposit
in andesite in the Alamo Range in the Alamo-Kofa mining district
in Yuma County, thirty miles south of Vicksburg. The product, a
siliceous gold ore was trucked to Vicksburg and shipped to a copper
smelter as converter flux. Eight hundred tons of ore were shipped from
May to October, 1929, yielding 1,903.27 ounces of gold. The property
was closed November 1 on the exhaustion of the better ore. The mine
is known as the Sheep Tanks Mine.
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CINNABAR (MERCURY) MINING
OPERATING MINES

During the year 1929, three companies in the State operated: The
Mercury Mines of America, Incorporated; the Arizona Quicksilver
Corporation; and the Quicksilver Corporation of America. The first
two worked deposits in the Maznteeal Mountains north of Roosevelt,
and the last named operated at Dreamy Draw, north of Phoenix.

The Mercury Mines of America, Incorporated.-The mines of this
company are located at the head of Slate Creek, in the Mazatzal
Mountains. The nearest railroad point is Globe, Arizona, a distance
of 85 miles by road. The deposits occur as disseminated cinnabar
in shear zones in pre-Cambrian schist, associated with quartz and
calcite. They have been developed by tunnels and shallow shafts ..
Mining is done by the shrinkage method.

The ore is crushed and treated in a horizontal paddle screw con-
veyor type of furnace. The conveyors work on flights in pairs, and
the furnace is so designed that reagents can be put in at different
points of the furnace, and the heat effectively governed. The capacity
is from thirty to fifty tons a day.

The mines operated during 1929 until October, during which tirm
7,500 tons were mined and treated with a production of 58,064 pounds
of quicksilver. During operation there were employed approximately
thirty men underground and eight men on the surface. The manager
of the company is L. E. Foster of Phoenix.

The Arizona Quicksilver Corporation.-During 1929 this company
developed and did some stoping on deposits similar to those of the
Mercury Mines of America. The deposits adjoin those of the Mer-
cury Mines of America and are situated on the western slopes of the
Mazatzal Mountains. They have been developed by tunnels.

The mines are equipped with a twelve-pipe retort furnace with a
capacity of about fifty tons a day. An average of 25 men are em-
ployed. .The manager of the company is. Eric Freitag of Phoenix.

The Quicksilver Corporation of America.-The deposits of this
company are situated at Dreamy Draw in the Phoenix Mountains,
about eight miles north of Phoenix. They occur as veins cutting
pre-Cambrian schist. The quicksilver occurs as disseminated cinna-
bar associated with quartz.
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During 1929 the deposits were developed intermittently from a shaft
sunk on the vein.

While operating, the company employed about ten men.
The manager is Harold yv. Hartman of Phoenix.

VANADIUM, TUNGSTEN, AND
MOLYBDENUM MINING

During the year 1929, considerable work was done on deposits of
these three semi-precious metals in a number of localities. Produc-
tion was small, but several deposits were developed and equipped with
concentrators and treatment plants. The principal operating com-
panies were: The Edward C. O'Brien Company, operating a vanadium
and tungsten custom mill at Globe; the Apache Vanadium Corpora-
tion, operating in Gila County near Globe; the Southern Copper Min-
ing Company, operating the Santo Nino Mine in Santa Cruz County
south of Patagonia; and the Minerals and Metals Corporation, op-
erating a custom mill for molybdenum ores at Sahuarita in Pima
County.

APACHE VANADIUM CORPORATION

The mine of this company is at Radium, about six miles north of
the town of Globe. The ore occurs as disseminated vanadinite in a
much crushed shear zone in a large diabase sill associated with a little
quartzite. The mine has been developed by a 150-foot shaft and cross-
cuts on the fifty-foot level. The average tenor claimed is 1.15 percent
V205' The zone as developed is a wide one and a considerable tonnage
is indicated.

During the year, about 268 tons of screenings were produced from
about 1,000 tons of ore taken from development work. These screen-
ings were trucked 1% miles to Radium station, between Globe and
Miami, for shipment to Globe.

The mine employed an average of eight men during the year.

EDWARD C. O'BRIEN AND COMPANY

This company, closely affiliated with the Apache Vanadium Cor-
poration, owns and operates a small custom mill treating tungsten and
vanadium ores, situated at Globe.

The mill, with a capacity of a few tons of ore daily, consists of a
crusher, one set of rolls, impact screen, one Diester sand table, and a
Dings magnetic separator for cleaning concentrate.
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During the year a small tonnage of tungsten ores was milled from
the Sulphide del Rey an Top 0' the World districts near Globe,
and about 268 tons of scr enings from the Apache Mine at Radium
and 220 tons of vanadiu ore from the Bywater Property at Drip-
ping Spring.

In December a shipmen was made to eastern buyers of vanadium
concentrate assaying 14.5 ercent V20S•

The mill employs an a erage of three men.

PERSONNEL. F OPERATING COMPANIES
EDWARD . O'BRIEN ,11'0 COMP_~?\,Y

President \. . .. Edw. C. O'Brien Globe
Superintendent. . . . . .. . .. .... Walter X. Osborn ; Globe

I
APACHE VANADIuM CORPORATION

President Edw. C. O'Brien Globe
Superintendent D. S. McDonald Globe
Consulting Engineer Walter X. Osborn Globe

SOUTHERN COPPER MINING COMPANY
This company, a subsidiary of the General Development Company,

operated the Santo Nino Mine in Santa Cruz County, nineteen miles
south of Patagonia. This mine has been a steady producer in the past
of copper ore occurring as lenticular ore bodies in quartz monzonite.
Associated with the copper ore bodies are pockets of molybdenite,
associated with a little quartz and chalcopyrite. A few shipments were
made of molybdenite during 1929.

THE MINERALS AND METALS CORPORATION
This company treated a small tonnage of molybdenite ore from

various localities, chiefly from mines at Helvetia, during the first half
of 1929. A 25-ton custom flotation bill was operated intermittently at
the station of Sahuarita on the Nogales branch of the Southern Pacific
Railroad.

MANGANESE MINING
Manganese ore was mined from three deposits in 1929, but an appre-

ciable quantity from only one, The Twilight deposit of the Phelps
Dodge Corporation, Copper Queen Branch at Bisbee. From this de-
posit about 3,000 tons was mined by a lessee with a total metallic
manganese content of about 2% million pounds. This ore containing
about forty percent manganese was shipped to a steel mill at Birming-
ham, Alabama.
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A small amount of forty percent ore was shipped during 1928
from manganese deposits in the Artillery Mountains of southern
Mohave County by former owners of the Chapin Exploration Com-
pany ground. Considerable development work in the form of shallow
pits and trenches was done during 1929. The deposits are very in-
accessible.

From deposits in Kaibab limestone near Long Valley in Coconino
County, a few shipments of forty percent ore were made during 1929.
The deposits are developed by superficial work.

The manganese deposits of Arizona have been described in the
following publication:

Wilson. Eldred D. and Butler. G. M., Manganese ore deposits in Arizona,
Arizona Bur. of Mines Bul. 127. Feb. IS, 1930.

ASBESTOS MINING
MINING COMPANIES

The principal companies engaged in mining and developing asbestos
deposits in the State in 1929 were the Arizona Asbestos Association;
the Regal Asbestos Mines, Incorporated; the Emsco Asbestos Com-
pany; and the Triangle Asbestos Mining Company.

LOCATION AND GENERAL GEOLOGY

Mining of asbestos is confined to Gila County and all the deposits
are situated in the drainage basin of Salt River.

Asbestos is found as a fibrous form of serpentine, in veins within
the Mescal limestone close to intrusions of diabase. The Mescal
limestone is one member of a sedimentary series, the Apache Group,
which is composed of conglomerates, limestone, shales, and quart:
zites, lying below known Paleozoic sediments in the south-central part
of Arizona.

The asbestos deposits of the State have been described in the fol-
lowing publication:

Wilson, Eldred D., Asbestos deposits of Arizona, Ariz. Bureau of Mines
Bul. 126, Oct. 1928.

Arizona Asbestos Association.-This company is the largest pro-
ducer of asbestos in the State. The property lies seven miles south
of Salt River at the town of Chrysotile, 42 miles from Rice and 64
miles from Globe.
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The deposits lie nearly fiat, and have been developed by tunnels.
Mining is done by modified room and pillar methods, and clean fiber
is produced by hand cobbing, both in the stops and at the surface. The
property is equipped with Diesel-run compressors of 1,059-cubic-foot
total capacity, an electric light plant, and miscellaneous camp equip-
ment. About 150 men are employed.

Fiber is sacked and shipped by truck from the mine to the railway
at Rice, a distance of 42 miles.

Regal Asbestos Mines, Ineorporated.-The property of this com-
pany is situated about seven miles northwest of Chrysotile, on the
south rim of the canyon of Salt River. It is 51 miles by road to Rice.
This property is worked by tunnels and modified room and pillar
stoping similar to that of the Arizona Asbestos Association. A treat-
ment plant was installed in 1928. The property was worked part
of the year and closed down in August, 1929.

Emseo Asbestos Company.-This company is operating a deposit
south of Salt River, about 9% miles by road northeast of Chrysotile,
and some 51 miles from Rice.

The deposits have been developed by tunnels, and mining is by
modified room and pillar method. The crude ore averaging about
fifteen percent fiber is sent down over a 1,100-foot aerial tramway to
the treatment plant.

The treatment plant, with a capacity of about 7,000 pounds of
cleaned fiber daily, was completed in October, 1929, and consists of a
crusher, picking belt, rolls, elevators, centrifugal mill, special re-
volving screen, and suction fans. Power is generated by Waukesha
gasoline engines. Cleaned fiber is sacked and trucked to Rice.

• The company also controls a group of claims north of Salt River,
but only assessment work was done on this group during 1929.

Triangle Asbeetos Mining Company.-This company operated a
group of claims north of Salt River and east of Cherry Creek. The
deposit is accessible by road via Young to either Globe or Holbrook.
The total distance to Holbrook is 82 miles and to Globe, 108 miles.

These deposits are worked in a similar way to other deposits de-
scribed, and the product is treated in a small mill. Hand-cobbed
and milled fiber is sacked and shipped by truck to Holbrook.

The property operated the greater part of the year but closed down
at the end of 1929.
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LABOR Average number
of men employed

Arizona Asbestos Association 150
Regal Asbestos Mines, Inc., (lj2 year) 75
Emsco Asbestos Company " 50
Triangle Asbestos Mining Company 25

Total 300'

PERSONNEL OF OPERATING COMPANIES

ARIZONA ASBESTOS ASSOCIATION

Manager C. H. Shoemaker Asbestos,
Quebec, Canada

Frank Knuckey ChrysotileSuperintendent

REGAL ASBESTOS MINES, INC.

Manager John L. Alexander Rice

EMSCO ASBESTOS COMPANY

Manager D. W. Fether .. Downey, California
Mine Superintendent E. V. Draper Globe

TRIANGLE ASIIESTOS MINING COMPANY

Manager W. M. Tenney, Jr '" .. Pine
Superintendent R. G. Mistron Young

CLAY MINING
During the year 1929, the Filtrol Company of California actively

mined an extensive clay deposit at Halloysite near Chambers in
northern Apache County. The deposit occurs as a part of extensive
late Tertiary terrestial deposits. The clay is shipped to the manu-
facturing plant of the Filtrol Company of California in Los Angeles,
where it is prepared for the market as a high grade filtering medium.

MINING METHODS

The deposit outcrops on a hillside and lies flat. It is developed by
a series of tunnels driven into the hill, and stoping by room and pillar
method is employed. The clay is transferred to a bin and loaded
into trucks for transportation three miles to the railroad at Chambers
on the main line of the Santa Fe Railroad.
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LABOR

About twenty men are employed at the mine.

1929 PRODUCTION

The average monthly tonnage during the year was 600. In future
it is expected to increase this to 900 tons.

PERSONNEL OF ORGANIZATION

Superintendent " J. A. Mullen Chambers

GYPSUM MINING
Gypsum is mined in one locality in the State, in Cochise County,

east of Douglas. Here a playa deposit of impure gypsum or gypsite
occurs. It is mined by scrapers, loaded in trucks and transported to
Douglas where it is burnt to an impure plaster of Paris, suitable for
wall plaster, and sold to the trade as "Douglas Plaster." Some gyp-
sum brick are also cast at the plant and sold as "gypsum blocks."

The quarry and plant are operated by the Arizona Gypsum Com-
pany of Douglas. The capacity of the plant is about 100 tons of
plaster a day.

FELDSP AR MINING
Feldspar is mined in the Hunlpai Mountains south of Kingman,

Mohave County. It occurs in a pegmatite dike. A small amount of
hand sorting prepares the product for shipment to the trade in Los
Angeles. The Consolidated Feldspar Company of Trenton, New Jersey,
operates the deposit.

ONYX MINING
Onyx is quarried from two locatlitics in thc State: From deposits

near Mayer in Yavapai County and from deposits in Camp Creek
in Maricopa County.

The Mayer deposits are operated by the Dyersville Onyx and
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Marble Company, a reorganization of the Yavapai Onyx Corporation.
The onyx is quarried and shipped to Dyersville, Iowa, where it is
prepared for the market.

The Camp Creek deposits, northeast of Phoenix, are operated by
the Arizona Onyx Manufacturing Company. The onyx is quarried
and trucked 55 miles to Phoenix, where It is polished and shaped for
the market. The capacity of the plant is 500 tons a year. The 192!
production was approximately 300 tons. The average number of men
employed was fifteen. The personnel of the company is as follows:
President and Quarry Superintendent.. J. Frank Hunt Phoenix
Treas. Sec'y. and General Manager.... O. H. Buck Phoenix

SAND, GRAVEL, CRUSHED ROCK, AND LIME
The sand, gravel, and crushed rock industry is located at the two

large urban centers of the State, Phoenix-Tempe-Mesa, and Tucson.
At other smaller centers, sand and gravel for local consumption are
screened by individual contractors as the need arises.

The lime industry is carried on at several localities favorably sit-
uated in regard to pure limestone deposits close to the railroad. There
are three localities where limestone is quarried and burnt: Nelson,
in Coconino County; Perkinsville, in Yavapai County; and Forrest
Station, in Cochise County.

SAND AND GRAVEL

PHOENIX-TEMPE-MESA
The principal companies in the business are: The Arizona Sand

and Rock Company and the Arizona Rock Products Company.
The Arizona Sand and Rock Company.-This company obtains its

material from the Salt River bed by drag line or dredge. It is washed
and screened into several sizes for the market. The capacity of the
plant is 1,000 tOIlSper day. The production in 1929 was 100,000 cubic
yards and an average of twelve men are employed. The personnel of
the company is: President, Donald W. Kelly; Secretary, John H.
Perkins. The address of the company is Box 1522, Phoenix, Arizona.

The Arizona Rock Products Company.-This company was or-
ganized in June, 1929, to operate a washing, screening, and crushing
plant to manufacture crushed rock, washed sand, and gravel. The
company obtains its crude material from a quarry in Tempe in vol-
canic agglomerate. No "river run" materials are sold. The capacity



96 ARIZONA BUREAU OF MINES

of the plant is 1,000 tons a day. The 1929 production (five months'
run) was 35,400 tons of the following materials: Plaster sand through
5 mesh, retained on 200 mesh; concrete sand through 2% mesh, re-
tained on 100 mesh; pea gravel through 7/16 inch, retained on 1,4
inch; number 3 rock through 1 inch retained on :1;2inch U. S. Spe-
cification through 2:1;2inch, retained on 1/2 inch; number 2 rock through
2% inch, retained on 11/2 inch.

The number of men employed averages ten. The personnel of the
company is as follows:
President and Managing Director Robert V. Leeson
Vice President and Construction Engineer Howard R. Hayne
Secretary-Treasurer Leo N. Roach
Director and Counsel Harold A. Elliott
Director J. A. Wellington

TUCSON
There are two companies in the sand and gravel business in 'l'ucson:

The Tucson Rock and Sand Company, and the Rillito Sand and
Gravel Company.

The Tucson Rock and Sand Company.-This company operates two
plants, one for the manufacture of crushed rock, and the other for
the preparation of sand and crushed gravel. The first plant is a quarry
in "A" Mountain (Sentinel Peak), a basalt hill southwest of Tucson.
The rock is quarried by drilling and blasting a face of rock, and
loading the broken rock by a small electric shovel into a bin at the
head of the crushing plant consisting of an 18 by 36-inch jaw crusher
and two No.4 McCully gyratories. The product is sized according
to specification.

The sand and gravel plant is on the south bank of Rillito Creek,
about five miles north of Tucson adjacent to the Tucson-Florence
highway. Here a drag line is worked in the river conglomerate. Sand
of two sizes is made, and gravel is crushed in a small jaw crusher.

The capacity of the two plants is about 500 yards a day. The
1929 production was about 40,000 yards.

The personnel of the company is:
President and Manager V. S. Griffith
Secretary E. B. Rhodes

Rillito Sand and Gravel Company.-This company operates a drag
line excavator, screen plant, and crushing plant on the Rillito Creek
bed about four miles northeast of Tucson near the Prince Road.
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The capacity of the plant is about 300 yards. The plant was put in
commission in December, 1929. Sand and crushed gravel are manu-
factured.

The personnel of the company is:
President ' C. F. Zinsmeister
Manager M. F. Benham

MISCELLANEOUS

The following individuals are in the sand and gravel business in
other centers: Charles Plumb of St. David, Cochise County, who ob-
tains a fine grade of siliceous sand from the San Pedro River valley
for shipment to various places; C. H. Trigg of Yuma, in the busi-
ness locally, obtains his raw material from the Colorado River valley
high gravel benches; and .T. T. Corn of Globe, in the business locally.

LIMESTONE AND LIME
The Grand Canyon Lime and Cement Company.-This company

quarries limestone from the Redwall Mississippian limestone, out-
cropping near the station of Nelson, Yavapai County, on the Santa Fe
main line. The lime is burnt in a six-shaft kiln at Nelson, and the
burnt lime shipped to the company's hydrate plant at Los Angeles.
The manager of the company is Donald Fragner, Box 4, Los Angeles,
California.

The Storey Lime Company.-This company operates a lime quarry
at Perkinsville. Arizona, on the Clarkdale branch of the Santa Fe
Railroad. The quarries are in an outcrop of Redwall Mississippian
limestone. No production was made in 1929. The capacity of the
plant is twenty tons of calcines and 250 tons of flux rock for the
smelters at Clemenceau and Clarkdale daily. One kiln is operated.

The personnel of the company is as follows:
President Alfred Paul Perkinsville
Vice-President Alfred Paul, Jr Perkinsville
Secretary J. T. Sheffield Perkinsville

The Paul Lime Planf;.- This company quarries limestone from aID.
outcrop of lower Cretaceous limestone at Forrest Station, west of
Douglas, Cochise County. Part of the rock is sold as ballast and as
smelter flux to the copper smelters at Douglas. The remainder is
burnt to an exceptoinally pure lime in au eight-shaft kiln. The an-
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nual .production is about 15,000 tons of aggregates, 18,000 tons of
fiuxtone, 30,000 tons of burnt lime, and 3,000 tons of hydrated lime.
The manager of the company is Alfred Paul of Douglas.



TEN-YEAR PRODUCTION OF ARIZONA GOLD, SILVER, COPPER, LEAD, AND ZINC(l)

TOTAL
Year

Short tons
ore

1920 .
1921 .
1922 .
1923 .
1924 .
1925 .
1926 .
1927 .
1928 .
1929 .

14,920,478
5,455,030

10.746,045
17.015.178
19.820.505
20,927,382
22,382,685
21,991,874
22,828,766
23,000,000(2)

179,087,923

Gold in
dollars

4,786,122
2,930,303
3,524,134
6.121,121
4,878,465
4,170,355
4,837,436
4,144,591
3,967,488
4,217,000(2)

43577.015

Silver
fine ounces

5,355,303
2,469,394
4,531,864
7,343,742
6,649,276
7,257,868
7)81,027
6.847,680
6,791,351
7,257,000(2)

61,884,505

Copper
pounds

558,256,302
185,034,194
400,043,128
618,928,602
677,752,013
713,355,129
723,296,051
682,190,547
732,276,803
833,525,000(2)

6,124,567,739

Lead
pounds

14.599,765
6,541,433

15,070,894
16,291,548
18,642,314
23.876,017
23,258,274
19.865,961
14.380,964
15,500,000(2)

Recoverable
zinc-pounds

1,457,296

210,624
519,103

7,332,116
12,946,423
2,268,960
1278,636
2,357,000(2)

168,027.!Z.0__ I 28,370,158

Total value
TotaH3) all

mineral
products

116,383,335
30,818,363
63,737,720

104,940,213
100,325,413
114,202,670
115,047,987
100.558,556

114,628,584
29,563,472
62,902,725

104,301,200
99,610,379

113,138,198
113,536,288
98.790,957

114,300,381
158,433,300(2)

1,009,205,484

(I) From U. S. Commerce Department, Bureau of Mines "Mineral Resources of the United States."

(2) Advance figures subject to revision.

(3)Including mercury, molybdenum, vanadium, manganese, asbestos, feldspar, lime, sand and gravel, clay, thenardite,
gypsite, onyx, stone, coal, and miscellaneous.

~.....
~
~::..
r-
.....
~\::I
~
;3
~
a
":tJ

::..
~
~a
~::..

~



/.
/



MINERAL INDUSTRIES OF ARIZONA

A Mountain, 96
Ajo District. 52, 56.
Alamo Range, 87.
Alamo-Kofa District, 87.
Aldrich, H. W., 30.
Alexander, John L., 93.
Allen, H., 31.
Allen, J. R, 20.
Allsman, P. T.. 20.
Ambler J. 0., 14.
American Smelting and Refining Co.

Hayden Plant, 41.
Silverbell Unit, 68, 71.
Swansea Unit, 72, 73.

Anderson, Glenn, 68.
Anderson, O. H., 58.
Andrus. D. E., 81.
Apache Vanadium Corporation, 89.
Arizona Asbestos Association, 91.
Arizona Commercial Mining Co., 22,

28,29.
Arizona Eastern Gold Mining Co.,

85, 86.
Arizona Gypsum Co., 94.
Arizona Onyx Manufacturing Co.,

95. .
Arizona Quicksilver Corp., 88.
Arizona Rock Products Co., 95.
Arizona Sand and Rock Co., 95.
Artillerv M ts. Deposits, 90.
Asbestos Mining, 91.
Ayer, Frank, 52.
Bagdad Copper Corporation, 60, 62.
Ballard, Leslie, 42.
Barker, L. M., 20.
Barkdoll, I. H., 29.
Baroch, Charles T., 62, 64.
Barnard, Dale C, 49.
Barr, A. T., 56.
Barth, Carl G., J r., 86.
Beale, C J., 21.
Beard, B. L., 42.
Bell, G. A., 56.
Belmont Copper Mining Company,

57, 58.
Benedict, P. C, 20.
Benham. M. E., 97.
Bentley District, 73.
Bibl.:, Harry, 30.
Big 'Y:orn Mountains, 76.
Big Jim Mines, Incorporated, 79.
Bingamon, J. F., 77.
Bird, Allen T., 68.
Bisbee-Douglas District:

Copper Mining, 9.
Lead Mining, 75.
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Manganese Mining, 90.
Bishop, F. L., 30.
Bishop, H. J., 14.
Bjorge, Guy M., 29, ·;3.
Blue Bird Mine 79.
Bolith~, T. G., 64.
Booth, Geo. H., 30.
Bouse, D. L., 20.
Bouse District, 74.
Bowie, J. R, 52.
Bradshaw Mountains Deposits:

Location and General Geology, 59.
Mining Properties, 59.
Sheldon Copper Co., 59.
Bagdad Copper Co., 60.
Hammon Copper Co., 62.
Labor, 63.
Lead Mining, 78.
Gold Mining, 87.

Breslin Mine, 78.
Brown, Moses, 42.
Brown, W. G., 29.
Buchanan, W. A., 73.
Buck, O. H., 95.
Buckskin Mountains, 72.
Buell, L. T., 14.
Bunker Hill Mines, Inc., 77, 87.
Butler, G. M., 91.
Butler, Percy, 64.
Buttes Mining Company, 69, 71.
Calumet and Arizona Mining Co.:

Bisbee Mines, 9, 15.
Reduction Works, 12.
New Cornelia Mines, 52, 56.

Camp Creek (Maricopa County), 74,
94.

Camp Creek (Yavapai County), 74.
Canon, 59.
Carlota Copper Mining Co., 22, 31.
Carlson, A. C, 20.
Castle Dome. 7B.
Catalina Mountains Deposits, 69.
Caving Methods:

Copper Queen, 10.
Old Dominion, 22.
Ray Mines, 32.
Morenci, 43.
Inspiration Cons. Copper Co., 23.

Central Copper Co., 73.
Cerbat Mountains Deposits, 81.
Chambers, 93.
Chapin Exploration Co .. 91.
Chapman, W. G., 64.
Chemehuevis Mts., 87.
Cherry Creek, 92.
Christmas Copper Co., 31, 43.
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Christmas District, 31,43.
Church, Geo. B., 31.
Chrysotile, 91.
Cimarron Mountains, 70.
Cinnabar Mining, 88. .
Clark, H. A., 15.
Clay Mining, 93.
C1eator, 78.
Clifton-Morenci District:

Copper. 43.
Gold, 87.

Clifton Smelter, 49.
Cochise District, 73.
Cochran, R. H., Jr., 15.
Cole, Car!, 15.
Commonwealth Mining and Milling

Co., 87.
Complex Ore Deposits:

Oro Blanco District, 80.
Cerbat Mts. District, 81.

Compton,·c. H., 14.
Concentrators:

Copper Queen, 11.
United Verde, 17.
Verde Central, 17.
Miami Copper Co., 24.
Nevada Cons., 36.
Christmas, 39.
Montana, 80.
Morenci, 46.
Ajo, 53.
Morning Glory, 66.
Three R, 66.
Tonopah-Belmont, 77.
Swansea, 72.

Congress Mine, 86.
Consolidated Feldspar Co. of N. ].,

94.
Copper Creek District, 79.
Copper Giant Mine, 73.
Copper Mining:

Bisbee-Douglas Dist., 9.
Jerome ~ist., 15.

Glohe-Miami Dist., 21.
Ray· Hayden-Chr istmas Dist., 31.

Clifton-Morenci Dist., 43.
Ajo Dist., 52.
Bradshiw Mountains Deposits, 59.
Superior Dist., 56.
Santa Cruz County Deposits, 64.
Eastern Pima County Deposits, 68.
Yuma County Deposits, 71.
Miscellaneous Deposits, 73.
Summary, 74.

COPI=-erQueen Mine, 9, 14.
Corn. J. T., 97.
Coupal, r S., 86.
Courtland-Gleeson Dist., 73.
Cowley, J. F., 20.
Creighton, Ned, 73.

Crothers, Joe., 29.
Crowfoot, Arthur, 49, 52.
Crown King Min. and Red. Co., 78.
Crushed Rock, 95.
Crushing Plants (New Cornelia), 53.
D'Arcy, R. L., 21. .
Davenport, F. S., 14.
Dawe, Geo., 15.
DeCamp, W. V., 20.
Degen, Ernest, 64.
Denn Mine, 9, 15.
Development Work:

Globe-Miami Dist., 24.
Superior Dist., 57.
Bagdad Copper Co., 60.
Hammon Copper Co., 62.
Three R Mine, 65.
Morning Glory Mine, 66.
Santo Nino Mine, 67.
A. S. and R. Co. Swansea Unit.,

72.
Southwestern Exploration Co., 77.
Wenden Copper Mining Co., 72.
Eagle Picher Lead Co., Montana

Mine, 8~. .
Miscellaneous (Oatman), 84.
South Pilgrim, 84.

Dickson, Robt. H., 21.
Donaldson, Homer, 73.
Dontzer. F. G., 58.
Dos Cabezas District, 73.
Douglas (Bisbee-Douglas Dist.), 9

15.
Douglas, Geo. W., 21.
Douglas Plaster, 94.
Dragoon Mts., 73.
Drainage (Morenci), 46.
Draper, E. V., 93.
Dreamy Draw, 88.
Dripping Spring M ts., 31.
Drysdale, Geo. R., 14
Dudley, M. B., 85.
Du Moulin, W. L., %.
Duncan, H. S., 29.
Dupuy, Leon W., 21.
Dutton, C. W., 46.
Dyersville Onyx and Marble Co., 95.
Dynan, John L., 77.
Eagle Picher Lead Co., Montana

Mine, 8~.
Easter, H. F., 43.
Eastern Pima County Deposits, 68.
Edward C. O'Brien Company 89
Elliott, Harold A., 95. ,.
EI Tiro Mine, 68.
Emsco Asbestos Co., 92.
Engelder, Arthur, 15.
Eustace, W. J., 30.
Evans, E. N., 64.
Ezell, R. I., 42.
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Farley, E. ]., 21.
Faust, P. A., 31.
Feldspar Mining, 94.
Fether, D. W., 93.
Fields Mining Corp., 79.
Filtrol Company of Calif., 93.
Fisher, Bruce, 15.
Finlayson, Daniel R., 80.
Flanagan, F., 58.
Flynn. J. G.. 15.
Foraker, B., 58.
Forrester, D. L.,29.
Forrest Station, 95.
Forsnas, H., 58.
Foster, L. E., 88.
Foy, Wm., 71.
Foy, Ed., 71.
Fragner, Donald, 97.
Franklin, E. J., 42.
Fredell, E. W., 20.
Freitag, Eric, 88.
French, S. W., 64.
Garms, W. I., 42.
Geology:

Ray-Hayden-Christmas Dist., 31.
Bradshaw Mts., 59.
Bagdad ~opper Co., 60.
Hammon Copper Co., 62.
Santa Cruz County Deposits, 64.
Three R Mine, 65.
Morning :;lory Mine, 66.
Santo Nino Mine, 67.
Yuma County Deposits, 71.
A. S. and R. Co., Swansea Unit,

72.
Wenden Copper Mining Co., 72.

'79 Lead-Copper Co., 75.
Tonopah-Belmont Dev. Co., 76.
Southwestern Explor. Co., 77.
Bunker Hill Mines, Inc., 77.
Asbestos Mining, 91.

Germania Mine, 73.
Glaesser, O. A., 20.

.Gila River, 31.
Gleeson, 73.
Globe-Miami District, 21.
Gold and Silver Mining, 83.

Oatman Dist., 83.
Wickenburg-Congress District, 85.
Miscellaneous Properties, 86.

Gold Crown Silver Mining Co., 78.
Gold Road Mining Co., 83.
Goss, W. P., 20. .
Grand Canyon Lime and Cement Co.,

97.
Grand Gulch Mine, 73.
Gravel, 95.
Great Western Mine, 7:t
Graybeal, E. V., 30.
Greenwood, A. N., 20.
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Gregory, F. E., 81.
Griffith, V. S., 96.
Guajolote Mine, 67.
Gwyn, C. L., 20.
Hamilton, H. A., 68.
Hammon Copper Co., 62.
Hassayampa, 76.
Hausen, M. G., 20.
Harding, J. c., 21.
Hartman, Harold W., 89.
Hastings, J. L., 14, 29.
Hawkins, R A., 31.
Hawley, F. G., 31.
Hayden, 31.
Hayden Smelter, 41.
Hayes, F. H., 14.
Hayne, Howard R, 95.
Heatherly. C. W., 21.
Helvetia, 90.
Henckell, F. G., 77.
Hendricks, Samuel, 43.
Henrie, H. c., 14.
Hensley, J. H.: Jr., 30.
Hersey, R V., 42.
Hill, Jack, 31
Hillside, 60.
Hinton, T. B., ~6.
Hoatson, Chester, 58.
Hoatson, C. D., 21.
Hodgson, J. P., 14.
Hood, F. F., 64.
Hondrum, Olaf, 17, 21.
Honeyman, P. D., 31.
Hopkins, Dave, 20.
Hovestadt, L. S., 76.
Howard. OscarR., 85.
Howe, F. c., 30.
Hoyt, H ~H., 30, 31.
Hualpai Mts. Feldspar, 94.
HUddleston. R. J., 21.
Hughes, R W., 30.
Hulings, Geo. S., 68.
Humboldt, 59.
Humboldt Smelter, 60.
Hunt, H. D., 30.
Hunt, J. Frank, 95.
Hurst, C. A., 42.
Hutchinson, J. R, 81.
Ibex Mines, 87.
Imperial· Mine, 68.
Ingham, G. R, 56.
Inspiration Consolidated Copper Co.,

21, 30.
International Smelting Co., 31.
Irving, R F., 15.
Jacks, E. M., IS.
Jack White Mine, 86.
Jay, Geo., 15, 56.
Jerome District, 15,21.
Johnson. 73.
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Johnson Copper Dev. Co., 73.
Johnson, Jos. L., 30.
Johnson, Nels, 42.
Jones, F. H., 20.
Jones, R J., 14.
Kanab (Utah), 73.
Katherine Gold Mining Co., 84.
Katherine Treasure Vault Pilgrim

Mine, 84.
Keefe, P. c, 20.
Kehoe, W. E., 21.
Keily, M. J.. 82.
Kelly. Donald W., 95.
Kennedy, F. R, 29.
Kennedy, Geo. A., 71.
Keyes, Harmon E., 63.
Keystone Copper Mining Co., 74.
Kingdon. Geo., 21.
Kino Copper ce., 67.
Kirkland, 62.
Kiser, C. c., 43.
Klein, Jce., 86.
Knight, Geo., 58.
Knight, Samuel, 42.
Knuckey, Frank, 93.
Koerner, Wm., 58.
Kohler, Albert, 71.
Kruse, H. V., 20.
Kruttschnitt, Julius, Jr., 71, 73.
Kumke, C. A., 42.
Kuzell, C. R, 20.
Labor:

Bisbee-Douglas Dist., 12.
Jerome Dist., 19.
Globe-Miami Dist., 28.
Ray-Hayden-Christmas Dist., 41.
Morenci-Clifton Dist., 51.
Ajo Dist.. 56.
Superior Dist., 58.
Bradshaw Mountains Deposits, 63.
Santa Cruz County Deposits, 67.
Eastern Pima County Deposits, 70.
Yuma County Deposits, 72.
'79 Lead-Copper Co., 76.
Tonopah-Belmont Dev. Co., 77.
Eagle Picher Lead Co., Montana

Mine, 81.
Oatman Dist -, 84.
Wickenburg-Congress Dist., 86.
Asbestos Mining, 93.
Clay Mining, 94.

La Grange, D., 42.
Lake Shore Mine, 70.
Lane, E. c., 73.
Lane, N. B.. 30.
Langdon, John, 21.
Langdon, Wm., 29.
Lanning, J. E., 20.
Lavender, H. M., 15.
Leaching:

Bisbee-Douglas Dist., II.
Globe-Miami Dist., 26.
Ajo Dist., 53.
Bagdad Copper Co., 60.
Hammon Copper Co., 62.

Lead Mining, 75.
Mining Properties, 75.
'79 Lead-Copper Co., 75.
P. D. Corp., C. Q. Branch, 76.
Tonopah-Belmont Dev. Co., 76.
Southwestern Expl. Co., 77.
Bunker Hill Mines, Inc., 77.
Miscellaneous Deposits, 78.

Leeson, Robt. V., 95.
Legrand, Co., 14.
Legters, G. R, 29.
Leidich, Harry, 29.
Leisk, R D.. 21.
Leonard, Frank M., Jr., 71.
Lerchen, F. H. 81.
Libbey, F. W., '31.
Liggon, Guy A., 29.
Light, Victor A., 85.
Limestone and Lime, 97.
Lindley, J. G., 52.
Lion Hill Mine, 87.
L!ttle Buttes Amal. Mines Co., 74.
L!ttle Drag-oon Mountains, 73.
LIve Oak Division Mining Method23. '
Loag, Geo. W., 85.
Long Valley Deposits, 91.
Loring, Wm. J.. 64.
Luchessa, J. J., 30.
Lyman, G. B., 14.
Lynx Creek Placers, 87.
Lyons, E. T., 82.
Lyons. RD., 56.
MacLean, 42.
MacLennan, F. W., 30.
Magma Apex Copper Co., 57.
Magma Copper Co., 56, 58.
Manganese Mining, 90.
Marks, R., 21.
Maricopa Mining Co., 86.
Mary E. Mine, 79.
Maslin, T. A., 42.
Mason Copper Co., 74.
Mayer, 59.
Mayne, R W., 29.
Mays, r. 58.
McAdoo, 64.
McDonald, Felix, 30.
McDougal, R M., 52.
McElvany, L. T., 76.
McKenna, ]. E., 15.
McLane, J. R, 81.
McLeod, 31.
McNabb, J. c, 58.
McNeil, S. E -, 30.
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Mendelssohn, Chas., 29.
Mercury Mining, 88.
Mercury Mines of America, Inc., 88.
Miami (Globe) District, 21, 31.
Miami Copper Co., 21, 31.
Midnight Test Mine, 87.
Mieyr, Geo., 20.
Mile Wide Mine, 70.
Milling (Gold):

Tom Reed Mill, 83.
Gold Road Mill, 84.
Pilgrim Mill, 84.
Congress Mill, 86.

Mills, C. E., 20.
Milne, F. H., 85.
Minerals and Metals Corp., 90.
Mining Methods:

Bisbee-Douglas Dist., 9.
Jerome Dist., 15.
Globe-Miami Dist., 22.
Ray-Hayden-Christmas Dist., 32.
Clifton-Morenci Dist., 43.
Ajo Dist., 52.
Superior Dist., 57.
Three R Mine, 66.
A. S. and R. Co., Swansea Unit, 72.
'79 Lead-Copper Co., 75.
Oro Blanco Dist., 80.
Clay Mining, 93.
Asbestos Mining, 91.

Mining Properties:
Bisbee-Douglas Dist., 9.
Jerome Dist., 15.
Globe-Miami Dist., 21.
Ray-Hayden-Christmas Dist., 32.
Clifton-Morenci Dist., 43. 1
Ajo Dist., 52.
Superior Dist., 56.
Bradshaw Mts. Deposits, 59.
Santa Cruz County Deposits, 65.
Silverbell Mts. Deposits, 68.
Sierrita Mts. Deposits, 69.
Catalina Mts. Deposits. 69.
Tucson Mts. Deposits, 70.
Sheridan Hills Deposits, 70.
Slate Mts. Deposits, 70.
Yuma County Deposits, 71.
Miscellaneous Copper Deposits, 73.
Lead Mining, 75.
Miscellaneous Lead, 78.
Oro Blanco Dist., 80.
Cerbat Mts. Deposits, 81.
Oatman District, 83.

Wickenburg-Congress District, 85.
Miscellaneous (Gold). 86.
Cinnabar Mining, 88.
Vanadium- Tungsten and Molybde-

num, 89.
Manganese Mining, 90.
Asbestos Mining, 91.
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Clay Mining, 93.
Mistron, R. G., 93.
Mitchell, C. E., 42.
Mojave County (Gold), 83.
Molybdenum Mining, 89.
Monarch Lead Co., 81.
Montague, H. W., 30, 31.
Montizona Copper Co., 70.
Morenci (Clifton) District, 43, 52.
Morton, E. D., 84.
Mosier. McHenry, 46 52.
Moss, ]. r. 85.
Mueller W m., 64.
Mullen, ]. A, 94.
Murphy, M. F., 29.
Mystery Mine, 79.
Nebecker, A. c., 64.
Nelson, 97.
Nelson, H. A., 56.
Nelson, T., 30.
Nevada Cons. Copper Co., Ray

Mines, 32, 42.
New Cornelia Mines, 52, 56.
Night Hawk Leasing Co., 9, 15.
Nowland R. c, 42.
Oatman District, 83, 85.
Oatman-Eastern Gold Mines Co.. 84.
O'Brien, E. c., 90.
O'Brien. T. H., 29, 31.
Octave Mine 85.
Old Dominion Co., 21.
Old Colony Mines Co., 81.
Onetto, Frank ]., 85.
Orarn, C. L., 70.
Oro Blanco District, 80.
Osborn, Walter X., 90.
Oxnam, T., 42.
Parker, 87.
Parsons, F. H., 20.
Paul, Alfred. 97.
Paul, Alfred, J r. 97.
Paul Lime Plant 97.
Peacock, D. c., 76.
Pearce. 87.
Perkins, J. c., 20.
Perkins, J. H., 95.
Perkinsville, 97.
Personnel of Operating Companies:

Bisbee-Douglas, 14.
Jerome, 20.
Globe-Miami, 29.
Ray-Hayden-Christmas, 42.
Clifton-Morenci, 52.
Ajo, 56.
Superior, 58.
Bradshaw Mts., 64.
Santa Cruz County, 68.
Eastern Pima County, 71.
Yuma County, 73.
'79 Lead-Copper Co., 76.
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Tonopah- Belmont Dev. Co .. 77.
Bunker Hill Mines, Inc., 78.
Eagle Picher Lead Co., Montana,

Mine. 81.
Monarch Lead Co., 82.
Old Colony Mines Co. 82.
Oatman, 85.. . ,
Wickenburg-Congress, 86.
Arizona Quicksilver Corp., 88.
Quicksilver Corp. of America. 89.
Mercury Mines of America, 88.
Edw, C O'Brien Co. 90.
Ap~che Vanadium C~rp., 90.
Asbestos Mines, 93.
Onyx Mines, 95.
Clay Mines, 94.
Arizona Sand and Rock Co., 95.
Arizona Rock Products Co. 9. 6
Tucson Rock and Sand Co.: 96.
Rillito Sand and Gravel Co., 97.
Storev Lime Co .. 97.
Paul Lime Co., 98.
Grand Canyon Lime and Cenient

Co., 97.
Pfrimmer, W., 81.
Phelps Dodge Corporation:

Copper Queen Branch, 9.
Morenci Branch, 43.
Bunker Hill Mines, Inc., 76.

Pidgeon. G. C, 14.
Pig-ott, Curtis, 14.
Pike, E. A., 71.
Pinto Valley Co., 24.
Plaisted, W. T., 30.
Plummer, H. C, 29.
Potter, ]. A., 56.
Power Plants:

Bisbee-Douglas, 13.
Jerome, 19.
Globe-Miami, 27.
Ray-Hayden-Christmas, 40.
Three R Mine, 65.
Morning Glory Mine, 67.
Santo Nino Mine, 67.
A. S. and R. Co., Swansea Unit,

72.
Wenden Copper Mining Co., 72.
Tonopah-Belmont Dev. Co .. 77.
Eagle Picher Lead Co.. Montana

Mine, 81.
Pratt, H. H.. 14.
Pratt, J. S., 20.
Pratt, M. E., 86.
Prescott. 59.
Prince, Geo. \V., 21.
Production:

Bisbee-Douglas, 13.
Jerome, 19.
Globe-Miami, 29.
Ray-Hayden-Christm<ls. 41.

Ajo.56.
Superior, .58.
Three R, 66.
Copper Mining Summary, 74.
'79 Lead-Copper Co., 76.
Clay, 94.
Summary 10 Years, 99.

Pun tenney, 97 .
Quayle, T. W., 20.
Rait, D. M., 15.
Ralston, O. C, 20.
Ray, 32.
Ray Mines (Nevada Cons. Copper

Co.), 32. 42.
Ray Silver-Lead Mine, 78.
Red Rover Mine, 74.
Reduction Works,:

Copper Queen, 11.
Calumet and Arizona, 12.
A. S. and R. Co., Hayden Plant,

41.
Clifton Smelter. 49.
Humboldt Smelter, 60.

Reese, A. L., 21.
Regal Asbestos Mines, Inc., 92.
Reid, E. M., 56.
Reymert Mine, 86.
Rhodes, E. B., 95.
Richardson, M. C. 85.
Richmond, A. B., 58.
Riddle, W. H., 20.
Ridenour, W. H., 85.
Riefsnider, A. C, 14.
Roach, Leon N.. 95.
Robie. E. H., 16.
Rodsevelt, 88.
Root, V. T .. 42.
Rosconia Mine, 78.
Rose, ]. H., 58.
Rossell. H. A., 42.
Ruby, 80.
Ruggles, G. H., 30.
Ryan District. 73.
Saben. W. M., 14.
Sahuarita, 89.
Salisbury, J. C, 21.
Salt River. 91.
Samuel, J. M., 14.
Sand and Gravel, 95.
Sanders, F. W., 21.
San Pedro River, 97.
Santa Cruz County Deposits, 65.
Santa Cruz Mining Co., 67.
Santa Rita Mountains, 69.
Santa Rita Mountains Deposits, 69.
Santo Nino Mine. 67, 90.
Saratoga Mine, 78.
Sarrer, E. G., 58.
Savanic Mine, 73.
Scott. W. G., 30.
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Schuylkill Mine, 81.
Seventy-Nine Lead-Copper Co., 75.
Shafer Mines Corp., 78.
Shattuck-Denn Mining Corp., 9, IS.
Sheep Tanks Mine, 87.
Sheffield, J. T., 97.
Sheldon Copper Co., 59.
Sheridan Hills Deposits, 70.
Sherman, Gerald, 14, 29, 46.
Shoemaker, A. M., 29.
Shoemaker, C H., 93.
Sierrita Mts. Deposits, 69.
Silset, Martin, 64.
Silver and Gold Mining, 83, 87.
Silverbell Mts. Deposits, 68.
Silver Reef Mine, 87.
Simcox.!. J., 49, 52.
Simon, W., 58.
Sinson, A, 64.
Slate Mts, Deposits, 70.
Small, Wm., 21.
Smelters:

Copper Queen, 11.
Calumet and Arizona, 12.
A S. and R. Co., Hayden Plant, 41.
Clifton Smelter, 49.
Humboldt Smelter, 60.

Smith, Earl, 21.
Smith, Joseph, 30.
Smith, S. E., 21.
Snyder, H. L., 56.
Soderstrom, F. H., 78.
Southern Copper Mining Co., 67, 68.
Southwestern Exploration Co., 77.
Spurlock, W, \V., 42.
Squaw Peak Copper Min. Co., 74.
Stacey, P. J., 68.
Staples, A. M., 52.
Steam Shovel Mining:

United Verde, 15.
Ajo, 52.

Stebbins Dry Concentrator, 78.
St. David, 97.
Stephenson, G. E., 42.
Stevens, J. L.. 42.
Still, J. W., 64.
Stockton Hill Deposits, 82.
Stoddard, A C, 24, 30.
Storey Lime Co., 97.
Storm Cloud Mine, 78.
Stotts, Geo., 21.
Sullivan, J. D., 42.
Superior Dist., 56, 58.
Swansea Unit, A. S. and R. Co., 72.
Sweeney, E. L., 64.
Talley, Robert E., 20.
Tallon, A., 29.
Taylor, Thos., 20.
Tejon Mine, 73.
Tempe, 95.
Tennessee Mine, 81.

Tenney, W. M., Jr., 93.
Teviston Dist., 87.
Thomas, Geo. G., 64.
Thomas, John A., 42.
Thomas, Robert W., 34, 42.
Tiercey, Wm., 85.
Tip Top Mine, 87.
Tombstone, 77.
Tom Reed Gold Min. Co., 83.
Tonopah-Belmont Dev. Co., 76.
Transportation, Ore and Materials:

Ray-Hayden Dist., 35.
Morenci, 46.
Bagdad Copper Corp., 62.
Hammon Copper Co., 63.
Morning Glory Mine, 67.
Montana Mine, 81.

Trench Mine, 77.
Triangle Asbestos Min. Co., 92
Trigg, C H., 97.
Trischka, Carl, 14.
Tuck, F. ]., 42.
Tucson, 68, 95.
Tucson Mountains Deposits, 70.
Tully, Chas. W., 11.
Tungsten Mining, 89.
Turner, T. 0., 42.
Tuschka, O. J., 29.
Twilight Manganese Deposit, 90.
Twin Buttes, 69,.78.
United American Mining Co., 84.
United Verde Copper Co., 15, 21.
United Verde Extension Mining

Co., 15, 21.
Vanadium Mining, 89.
Van Arsdale, G. D., 30.
Van Dyke Copper Co., 24.
Van Dyke, L. D., 31.
Verde Central Mines, Iric., 15, 21.
Vicksburg. 87.
'Vivian Mine, 84.
Voss. A. N., 30.
Vulture Mine, 86.
Walker, 59.
Walker, C B., 56.
Wardlaw, F. A. J., 29.
Water Supply:

Ray-Christmas, 40.
Ajo.55.
Swansea, 72.
Montana Mine, 80.
Tonopah-Belmont, 76.

Waters, Chas., 85.
Wellington, J. A., 96
Weitzel, Jack, 58.
Whitehead, P. T., 42.
Whiteley, E. E., 15.
Wickenburg-Congress District, 85.
Wilcox, J. A., 15.
Williams, W. F., 30.
Wolverine and Ariz. Min. Co., 9.
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Wilson, E. D., 91.
Wilson, L. V., 56.
Windsor, D. S., 64.
Winifred District, 86.
Winkelman, 32.
Wittenau, Ernest, 14.
Woodcock, C. L., 30.

Yavapai County, 59.
Young. Geo. J., 16, 24.
Yuma, 97,
Yuma County Deposits, 71.
Zeller, A. J., 14.
Zinsmeister, C. F., 97.



MAPS OF ARIZONA'

The Arizona Bureau of Mines now has available for distribution four
different maps of the State, as follows:
1. Base map of Arizona in two sheets on a scale of about eight

miles to the inch. This map is strictly geograplric, with the positions of
all towns, railroads, rivers, surveyed lands,' national forests, national
parks and monuments, etc., indicated in black, and the location of
mountains and other topographic features shown in brown. It also
indicates where the various mining districts are situated, and is accom-
panied by a complete index. It was issued in 1919 and is sold, un-
mounted, for 35c., or mounted on cloth with rollers at top and bottom
for $2.50.
2. A topographic map of Arizona in one sheet, on the same scale

as the base map. It shows 100-meter contours, and there is a meter-foot
,conversion table on the map. It was issued in 1923, and is sold, un-,
mounted, for- 50c, or mounted on cloth with rollers at top and bottom
for $2.50. •
3. A geologic map of Arizona on the same scale as the base map,

printed in many colors. It was issued in 1925, and is sold both mounted
and unmounted for the same prices as the topographic map.
4. A relief map of Arizona on the same scale as the base map, print-

ed in various shades of brown, black, and blue. It was issued in 1925,
and looks exactly like a photograph of a relief model of the State. This
map was prepared by the U. S. Geological Survey, and is sold by the
Survey for $1.00. Unmounted copies may be obtained from the Arizona
Bureau of Mines at the same price. The same map mounted on cloth
with rollers at the top and bottom is sold by the Bureau for $3.00.

POSTAGE IS P~EPAID ON ALL ¥APS.
SERVICE OFFERED BY Tl;:IE BTJREAU

The Arizona Bureau of Mines will classify free of charge all rocks
and minerals submitted to it, provided it can do so without making
elaborate chemical tests. Assaying and analytical work is done at
rates fixed by law, which may be secured on application,

The Bureau is always glad to answer to the best of its ability in-
quiries on mining, metallurgical, and geological subjects; and takes '
pride in the fact that its replies are always as complete and authorita-
tive as it is possible to make them.
All communications should be addressed and remittances made pay-

able to "The Arizona Bureau of Mines, University Station, Tucson,
Arizona."
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